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HE programs at the earlier meetings of the American Association 

for Thoracic Surgery consisted almost entirely of contributions deal- 
ing with various aspects of the subject of empyema thoracis in both the 
acute and chronic forms. Important and significant papers dealing with 
the physiology of both pulmonary and eardiae function, and more par- 
ticularly the interaction of these two systems, were presented. Thus was 
laid a foundation for more progressive surgery. In large measure the 
extraordinary development which thoracic surgery has reached today 
has been due to contibutions presented before our Association. 

Prior to the first stage of the World War except in the hands of 
one or two pioneers among whom our own respected and lamented Dr. 
Willy Meyer held, and continues to hold, first rank, operative interfer- 
ence within the chest was looked upon as an impossibility. 

Following proof that, within limitations, the thorax might be opened 
by means of the employment of differential pressure chambers, a sim- 
pler method of obtaining the same result was sought and the employ- 
ment of intratracheal pressure (Meltzer, and Auer, and Nagle) was 
soon recognized as an adequate substitute for the former cumbersome 
technique. Refinements of this method have been described before our 
Association by Crafoord and by Mautz from Claude Beck’s Clinie. 

The importance of mediastinal shift and of mediastinal flutter were 
early recognized. The contributions of Dr. Evarts Graham and his 
associates, who showed that, with a normal mediastinum, pressure ap- 
plied to the surface of one lung was transmitted to the other and who 
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noted the size of the opening which may be safely made in the chest 
wall under these conditions, were of fundamental importance. 

During the first phase of the war, the fact that many soldiers re- 
ceived wounds of both the chest wall and the thoracic viscera made it 
imperative that surgeons, particularly those working at casualty clear- 
ing stations or the equivalent units in armies other than the British, 
should undertake operative procedures which previously had been con- 
sidered to be beyond the bounds of reasonable surgery. The compara- 
tive ease with which numerous thoracic operations could be carried out 
and the spectacular, almost miraculous, improvement in the state of 
wounded soldiers, particularly those suffering from either open or 
pressure pneumothorax, pointed the way for post-war surgery within 
the chest cavity. 

I believe that pulmonary abscess has received less consideration than 
the frequency and importance of the disease deserves. In his presiden- 
tial address in 1934, Heuer discussed the subject and indicated the high 
mortality which accompanies the disease with, or without, surgical 
interference. In 1936, Cutler and Gross! brought the matter to the at- 
tention of the Association. In their report at that time they reviewed 
forty-seven cases which had been submitted to surgical treatment. The 
total mortality was 45 per cent; if those cases in which empyema was a 
complicating disease be excluded, the mortality rate was 33 per cent. 

The most impressive communications of recent years have been those 
from Mount Sinai Hospital brought forward by Neuhof and Touroff.? 
They have made important statements with regard to the pathology of 
the lesion and have been able to produce figures which show a cure 
rate in acute abscesses, at least, far above those contributed by other 
surgeons. In eighty-six cases operated upon during the acute stage, 
that is between two to six weeks from the commencement of disease, 
these authors are able to report successful operation in eighty-three 
cases. As is well known, they have urged a one-stage procedure and 
have indicated their technique in great detail. 

In 1940 Fisher and Finney*® presented an analysis of eighty-eight 
cases covering the years 1931 to 1938. They reviewed the value of 
various ancillary methods. It is noteworthy that the mortality rate 
in their cases is approximately the same as that reported by most 
clinies, namely, 41 per cent death rate as compared with a 36 per cent 
cure rate. 

In view of the results obtained by Neuhof and his associates it would 
be absurd in any way adversely to criticize their method; at the same 
time it would seem that the one-stage procedure as advocated by them 
demands a rather unusually high grade of skill on the part of both 
radiologist and surgeon. Although, hitherto, we have not had any 
considerable opportunity of operating upon patients during the acute 
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stage, and although it should be borne in mind that a fair percentage 
(probably about 33 per cent) of patients recover without any special 
form of treatment, I am prepared to agree heartily with their recom- 
mendations that early operation is indicated, granted that a reasonable 
exhibition of conservative therapy has been employed. 

Neuhof has described a chronic abscess as one of more than twelve 
weeks’ duration. In a recent communication he and his associates* 
discussed the treatment of subacute and chronic putrid abscesses of 
the lung. In this article they indicated the difficulty of handling these 
cases as compared with the treatment of acute abscesses. They pointed 
out that cases of subacute and chronic putrid pulmonary abscess of the 
diffuse type rarely are amenable to cure by surgical drainage. In this 
connection I draw attention to the case (L. S.) in which at operation 
a diagnosis of carbuncle of the lung was made. 

During the past five years I have employed, in but a small number 
of cases, a technique which has proved satisfactory. It will be noted 
that the results obtained have been comparable to those reported by 
Neuhof and Touroff although the technical procedures differed to a 
considerable extent. Since the method which we have employed is 
somewhat definite in its technique and since it differs, I believe, in 
certain essential details from those hitherto described by others, I 
shall outline the method. I shall also introduce the technique of ‘‘cur- 
tain’’ drainage as exemplified by the use of B.I.P.P.*° and gauze pack- 
ing soaked in liquid paraffin.** During the past twenty-three years 
McKim and I have published many articles regarding the employment 
of this technique in different parts of the body and for different pur- 
poses. No protracted discussion, therefore, will be included here, espe- 
cially since two recent articles*° carry references to earlier publica- 
tions. Certain facts are, I believe, of sufficient importance to make it 
advisable to refer to them here. For purposes of brevity and clarity 
these facts are tabulated. 

1. B.IL.P.P. is harmless to normal and diseased structures, including 
tissues such as the peritoneum, pleura, brain, lung, and bone and joint 
membranes. 

2. A properly ‘‘bipped’’ wound should be covered with but an in- 
finitely thin layer of the paste. Masses of the material should not be 
allowed to remain in pockets or elsewhere.. 

3. The total quantity of B.I.P.P. to be left in the tissues in any one 
case at any one time should not exceed a heaping dessert-spoonful. 

4. So long as the area of tissue exposed to the action of the B.I.P.P. 
be less than 144 square inches, evidences of poisoning by either iodo- 
form or bismuth need not be feared. 


*B.I.P.P.: Bismuth subnitrate (1 part) iodoform powler (2 parts) and liquid 
paraffin (about 1 part q.s. to make a thick paste). 
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5. Fortunately bismuth deposition at the mucoperiosteal border along 
the lower gums gives notice of the fact that bismuth is being deposited, 
and proper measures should be taken to prevent the absorption of any 
considerably greater quantity. 

6. In order that a wound may be properly ‘‘bipped,”’ it is absolutely 
necessary that dehydration (by means of alcohol) should be accom- 
plished first. 

7. The presence of B.I.P.P. and liquid paraffin-soaked gauze is fol- 
lowed by the growth of firm, nonexuberant granulation tissue in ap- 
proximately six days, whether the wound be infected or sterile. 

8. The ‘‘bipped’’ wound, whether covered with granulations or not, 
has proved itself to be highly resistant to infection. 

9. Even though packing be allowed to remain in a ‘‘bipped’’ wound 
for many weeks, such wounds do not become malodorous. 

I shall make no attempt in this contribution to discuss the anatomy, 
the pathology, or the bacteriology of pulmonary abscess, nor shall I 
enter into the discussion as to the etiology or cause. A very excellent 
exposition of the general subject was published by Barrett’? in 1938. 
This analysis of the problem is recommended. 

Following a description of the technique recommended, I shall de- 
scribe briefly a few cases which, I believe, are of sufficient interest to 
deserve inclusion in an address of this sort. 


TABLE I 


TABULATION OF TWELVE CASES OF ACUTE AND CHRONIC PULMONARY ABSCESS 


TIME 
BETWEEN 
DURA- PERIOD 
AGE NO. OF | 1ST STAGE 
NO. | NAME SITE |CAUSE|TION OF] RESULT OF FOL- 
(YEARS) ILLNESS STAGES} AND DIS- | 
1 | H.W. 54 |R.L. P.E.| 8 wk. | Cured 3 106 5 yr. 
52 |R.L. P.C.| 8 mo. | Cured 1 59 5 yr. 
3 | A.N. 58 |R.M. U. | 4 mo. |} Cured 2 36 2 yr. 
Mrs. 
4/ LS. 65 |L.L. 5 mo. | Cured 2 46 2 yr. 
5 |W. M. 59 | T. E.}11 mo. Cured 1 36 2 yr. 
6 |H. E. 61 |R.L. 5 mo. | Cured 2 33 2 yr. 
7 B. 66 |R.M. | T.E.} 5 mo.| Died 1 
and U. 
8 |A.B. 54 |L.L. B. | 5 mo. | Cured 2 43 15 mo 
Mrs. 
9| E.L. 48 |R.U. U. | 4 wk. | Cured 3 36 Lyn 
10 |L.S. 46 |L.L. U. | 8 mo. | Cured 3 38 18 no 
11 |R.B 15 |R.U. U. |11 wk. | Cured 3 39 1 yr 
12 |T.J 59 |L.U. U. mo. | Died 1 
and L. 


P. E., Massive pulmonary embolus; P. C., pulmonary calculus; U., unknown (diag- 
nosed pneumonia) ;T. E., tooth extraction; B., history suggesting bronchiectasis. 


During the past five years I have used this technique when operating upon 
twelve patients in the Montreal General Hospital. It will be noted in Table I 
that all but two of the cases came into the category of chronic abscesses and that 


4 
& 
+ 


GURD: PULMONARY ABSCESS 5 


only one patient was operated upon during the acute stage. Two patients have 
died; the mortality rate was 16.66 per cent. Both of the fatal cases were elderly 
men. In Case 7 (aged 66 years) operation was performed as an emergency meas- 
ure five months after the onset of the disease because of rapid deteriorization of 
his general condition. In this case the regular technique was not carried out -in 
that the abscess was opened at the first stage. Death occurred twenty-four hours 
after operation. Autopsy revealed bronchopneumonia involving both lower lobes. 

The second patient who died (Case 12) was a 59-year-old man who presented 
a fourteen months’ history. Both lobes of the left lung were the site of extensive 
gangrenous abscesses although that in the lower lobe was discovered only at 
autopsy. Following the first stage, he remained reasonably fit for four days. He 
then developed acute retention (prostate) which was followed by anuria and 
death within forty-eight hours. 

Both of these cases were recognized as desperate risks, but as a matter of fact 
their condition was comparable to that of most of the patients who underwent 
operation. 

During the same period four other patients with pulmonary abscess secondary 
to unrecognized carcinoma were operated upon by the same technique without 
benefit to the patients but without any operative mortality. A similar procedure 
has been used in a few cases of bronchiectatic abscesses in older persons with 
gratifying results. In these cases a modification of Dr. Evarts Graham’s method 
of cautery pneumonectomy has been employed, in that electrocoagulation has 
replaced the hot iron as a means of destruction of pulmonary tissue. 

The technique recommended has been carried out in multiple stages. Every 
effort is made to improve the patient’s condition during the preoperative period. 
Blood sugar readings are made and insulin administered to the limit of tolerance.11 
Postural drainage is employed and, particularly on the day of operation, this 
procedure is insisted upon and operation invariably carried out in the after- 
noon. High-vitamin intake is accomplished together with a high-carbohydrate 
diet. Since most cases of this nature show serious depletion of both number of 
red blood cells and amount of hemoglobin, blood transfusion frequently is required. 

Needless to say, every effort is made by means of clinical, bronchoscopic, and 
radiologic examination to locate accurately the site of the abscess, more especially 
the point at which it appears to be in closest contact with the chest wall. 


FIRST STAGE 


At the first stage under spinal anesthesia12, 13 (Nupercaine-Bourne-Etherington- 
Wilson technique) a substantial opening has been made into the chest wall, as a 
rule a flap measuring approximately 12 em. by 15 em. has been turned back. The 
incision outlining this flap has been carried through skin, subcutaneous tissue, and 
the muscles attached to the chest wall down to the ribs and intercostal muscles. 
Care is taken that the muscle mass is not separated from the skin and sub- 
cutaneous tissue flap. 

Approximately 12 em. to 16 em. of each of three ribs which overlie the diseased 
area of lung are resected subperiosteally. I have not found it necessary to 
remove the transverse processes. The intercostal bundles are then divided at the 
anterior ends, and the vessels are ligated and divided. The periosteum is removed 
from the parietal pleura, and the intercostal muscle bundles are turned back. 

The parietal pleura is thus uncovered over a substantial area. Through the 
pleura the site of the abscess can sometimes be seen and can always be palpated. 
Careful note of the location of abscess is made in the operation report so that it 
may be surely entered at the second stage. 
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Hemostasis is secured with the employment of as few fine catgut ligatures as 
possible. The whole wound is then sloshed with alcohol in order that the surface 
tissues may be dehydrated. The alcohol is dried off and the whole of the wound, 
more especially the rib ends and all deeper interstices, carefully ‘‘bipped.’’ Large 
4- to 6-inch soft gauze packs soaked in liquid paraffin and with a small amount 
of B.I. P. P. added especially to those parts which will come in contact with the 
tissues, are then carefully and firmly placed in the wound, care being taken to 
insinuate the gauze into all pockets. The packs introduced are sufficiently large 
to bring about substantial pressure upon the pleural surface and therefore upon 
the lung. 

The skin flap is then sewn back into position. It appears to be immaterial 
whether the packs are completely buried or whether the ends are brought out 
between the sutures. 


Fig. 1.—Drawing illustrates skin flap in the case of right lower lobe abscess, 


The patient is placed in bed in the position which preoperative observation has 
proved most successful in inducing adequate drainage. This usually proves to be 
with the foot of the bed raised and the patient lying on the affected side. Prior 
to operation an attempt is made to impress upon the patient the value of purpose- 
ful coughing. 

Special measures, such as the administration of oxygen and the exhibition of 
antishock procedures, are employed as circumstances indicate. Sedatives are pre- 
scribed as required. 

As a rule, the patient’s condition improves following the first stage in that 
fever drops, the amount of sputum becomes less, and appetite improves. This fact 
is evidently due to diminution in the size of the cavity in consequence of the pressure 
packs. The patient is urged to be up and about the ward, since it is believed that 
the deep breathing stimulated by this maneuver is of value. 


SECOND STAGE 


From eight to twelve days later, under nitrous oxide-oxygen anesthesia the sutures 
are removed and the packs withdrawn. When the wound is opened and the packs 
removed, the whole surface of the wound of the chest wall will be found to be cov- 
ered with firm, bright red granulations which show little or no tendency to bleed. 


3 


GURD: PULMONARY ABSCESS 


Fig. 2. Fig. 3. 
PA 2.—Second stage. Superficial pack has been removed; deep pack is still in 
position. 


Fig. 3.—Abscess unroofed, Interior of abscess is easily accessible. Note bronchial 
openings. 


Fig. 4.—Lateral x-ray shows pack aie | pressed into abscess cavity in right lower 
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If rupture of the abscess has occurred, there will, of course, be a certain amount 
of purulent material, otherwise a small amount of clear serum only is found. 

In approximately one-half of the cases it will be found that necrosis of the pleura 
and superficial lung overlying the abscess will have taken place so that there has been 
evacuation into the wound. If this has not occurred, an incision either with dissect- 
ing scissors or by means of the cutting current is made into the abscess cavity and 
the whole of the pleural and pulmonary surface overlying the cavity removed. For 
the purpose of this unroofing procedure the cutting current is employed. 

In this way the whole of the interior of the abscess is brought under full vision, 
without the necessity of special lighting facilities; the bronchi entering it are clearly 
seen; and, in many cases, it may be deemed advisable to coagulate the openings of 
the bronchi which appear. All slough is carefully removed, and, if bleeding points 
develop, they are touched with the coagulating electrode. 

Dehydration of the lung surface is accomplished by means of alcohol, but care 
must be taken that an excess of the latter is not allowed to enter the bronchi. The 
lung cavity is now firmly packed with soft gauze squeezed out of liquid paraffin 
and with B.I. P. P rubbed on to all surfaces which come in contact with the lung 
tissue. If the cavity is irregular in outline, an attempt is made to press the packs 
into position sufficiently firmly so that an approximately spherical cavity is produced. 
It is also wise, I believe, to insert the corners of the pack into the openings of the 
larger bronchi. At the risk of reiteration, I wish to urge the advisability of firm 
packing. 

The pack within the lung is buried completely by a second large flat pack which 
completely fills the opening in the chest wall. The skin flap with its attached muscle 
is again resutured in position. 

An almost complete arrest of sputum and cough is to be expected; the patient’s 
morale improves together with appetite. I have made it a practice to urge the 
patient to be out of bed and to walk about within a day or two of the second 
stage of the operation. 


THIRD STAGE 


After a lapse of six to ten or twelve days, the time depending in part upon the 
improvement in the patient’s condition, operation is again undertaken under 
nitrous oxide-oxygen anesthesia. Since practically no pain is inflicted, the amount 
of anesthesia employed need be but minimal. The packs in the chest wall and 
within the lung are removed and the interior of the abscess cavity again carefully 
inspected. It is unusual to discover any reason for further interference within 
the abscess cavity. If necrotic tissue is still present or if a considerable amount 
of pus exude from the bronchi, the cavity is again firmly packed; approximately 
one-half or less of the amount of paraffined gauze which was originally introduced 
will be required. The chest wall is again repacked and the flap sutured back 
into position. 


FINAL STAGE 


Very often at the third stage, or in any event at the fourth stage which is 
carried out about eight to ten days later, it is usually evident that no further 
active treatment of the abscess cavity is required. The muscle mass which has 
remained attached to the skin flap is now dissected out as a pedunculated graft 
and pressed into the abscess cavity which by this time is greatly reduced in size. 
Sutures are inserted around the edges of the opening into the lung so that the 
muscle flap will not pull out. A liquid paraffin B. I. P. P. pack is now placed over 
the muscle flap. This pack is of sufficient thickness to maintain moderate pressure 
and again the skin flap is sutured into position; the ends of the pack are with- 
drawn in the lower part of the incision so that the pack may be removed at about 
the sixth postoperative day. 
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Following removal of the gauze, there is usually a small amount of discharge 
for a short time; it has, however, invariably ceased without further active inter- 
ference. Skin sutures are removed on the seventh to twelfth day. 

I have deemed it advisable to include at this point abstracts of case histories 
of three either typical or unusual cases. 


Fig. 5.—Chest wall muscle mass is separated from flap and sutured into residual ab- 
scess cavity. 


LARGE APICAL ABSCESS 
(Operated Upon Eleven Weeks Following Onset of Disease) 


CASE 11.—R. B., a 15-year-old boy, was admitted April 5, 1940, with the history 
that he had suffered a chill five days previously which was followed by pain in 
the right chest and a severe cough with copious sputum for a period of three 
weeks. There was no history of previous illness except for a cold in February, 
1940, which lasted for about three days. 

Clinical and radiologic examination showed the presence of a lesion in the 
right upper lobe which extended upward and outward from the cardiac border to 
the second and fifth interspaces anteriorly. Tuberculosis was ruled out by both 
sputum examination and tuberculin reaction. Until April 22 his temperature did 
not rise above 99.2° F. On the latter date it reached 102° F. and remained at this 
level for several days during which time he received sulfanilamide. Bronchoscopic 
examination was made May 3. This was not very satisfactory. The patient’s 
pulse rose to 160; however, redness of the right main bronchus was noted. Febrile 
reaction recurred, and the pulse rate continued to rise, reaching from 100 to 120. 

Since his progress while on the medical service was persistently downhill he 
was transferred to surgery. On May 17 the first stage of operation for pulmonary 
abscess was performed. The patient was prepared for operation by means of 
transfusion. He stood the operation rather poorly and was placed in an oxygen 
tent for forty-eight hours. ) 

Under spinal anesthesia, a skin flap was turned back over the anterior surface 
of the chest about 12 em. in width and about 15 cm. in length. The skin flap 
with the subcutaneous tissue was turned outward and the two pectoral muscles 
detached from the chest wall and displaced medially and upward. The third rib 
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was removed from the cartilage outward to the posterior axillary line, then the 
second, and finally the fourth rib over the same area. The muscle bundles were 
cut away at the anterior ends, turned backward, and saved. This uncovered an 
area of parietal pleura considerably larger than the palm of the operator’s hand, 
and through this the site of the abscess could be palpated in the upper half of 
the uncovered pleura. The whole of the wound was carefully bipped following 
dehydration, and a large pack of 4-inch paraffin soaked gauze, to which a small 
amount of B.I.P.P. was added, was placed in the cavity pressing down upon 
the parietal pleura. The skin pack was sewn back into position and the end 
of the pack withdrawn from the lower border. 


Fig. 6.—Case 11. R. B. Roentgenogram taken prior to operation shows large right 
upper lobe abscess. 


The amount of sputum which previously had been from 8 to 12 ounces per day 
remained about the same. 


On the eleventh postoperative day the second stage of the operation was per- 
formed; the sutures were removed; the skin flap was turned outward; and the 
pack was removed. This operation was carried out under gas oxygen anesthesia 
in order that the cutting current might be employed. The upper part of the 
uncovered parietal pleura was cut into by means of the cutting current. A large 
quantity of pus was evacuated; the lining of the cavity was found to be made 
up of necrotic and edematous lung tissue. Two large bronchial openings were 
noted in the base of the cavity through which air passed. The cavity was gently 
swabbed, carefully dehydrated, and tightly packed with liquid paraffin-soaked 
bipped gauze so that the whole cavity was ballooned out under considerable ten- 
sion. A further similar pack was inserted in the chest wall and the skin flap 
resutured so that tension in the cavity would be maintained. 

The boy stood this operation well, and on the second day following his opera- 
tion his sputum dropped to 2 ounces and remained at about this level until June 
11 (fourteen-day interval) when the third stage procedure was performed. In the 
interval he had been afebrile and improved greatly in appearance. On June 11 
the wound was opened up, and the packs removed. The wound of the chest wall 
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was found to be granulating throughout; there was no evidence of necrosis and 
but little evidence of suppuration. The cavity in the lung was judged to be 
about one-half the original size. Its walls were clean and free from tags or 


Fig. 7.—Case 11. R. B. Photograph of wound at second stage operation illustrates 
site of flap formation and absence of edema eleven days after first stage. 


R.B. 
(st Stace 
FESECTED. 


8.—Case 11. R. B. Roentgenogram shows large pack filling abscess in lung. 
A Fain amount of clear fluid collected in pleural cavity but did not complicate prog- 
ress. 


necrosis. Both of the intercostal muscle bundles which had been preserved were 
separated from the flap and pushed down into the lung cavity. The mass of the 
pectoralis major muscle, consisting of substantially one-half, was eut free and 
turned as a pedicle flap into the lung cavity substantially filling it. The muscle 
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masses which had been placed in the lung cavity were more or less fixed in posi- 
tion by means of fine chromic sutures along the edge. A liquid paraffin bipped 
pack was then placed over the muscles so that.they were pushed into the cavity. 
Care had been taken that the muscle masses were introduced into the bronchial 
openings. The pack pressing the muscles into the cavity was covered by a second 
pack beneath the skin flap and the flap was then sutured back into position, both 
packs making their egress from the lower lateral border. 


Fig. 9.—Case 11. R. B. Roentgenogram made prior to patient’s discharge from hos- 
pital. The muscle flap which fills lung cavity may be seen. 


The patient stood this operation very well. His sputum rapidly dropped to 
one-half ounce per day. He remained afebrile and was up out of bed on the tenth 
postoperative day (June 21). The packing was removed on the seventh and 
twelfth postoperative days. By June 25 he was free from cough and sputum, had 
gained 12 pounds in weight, and was discharged to a convalescent home. 

A recent report (May, 1941) states that he has been at boarding school during 
the past year and that he has been able to indulge in all activities. He has 
remained well. 

COMMENT 


In view of the fact that simple bronchoscopic examination had been 
accompanied by such a severe reaction, the comparatively harmless reac- 
tion to the first stage was gratifying. That the multiple-stage procedure 
as recommended need not demand any considerable increase in the period 
of hospitalization is indicated by the fact that this child was discharged 
thirty-nine days after the date of the first stage. 


MASSIVE PULMONARY EMBOLUS WITH GANGRENE OF RIGHT LOWER LOBE 

CasE 1—H. W., aged 54 years, was admitted Dec. 30, 1935, with thrombo- 
phlebitis in the saphenous veins in both legs. He exhibited a moderate grade of 
diabetes. Fasting blood sugar was 192. 
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On Jan. 22, 1936, he had a pulmonary embolus and was thought to be on the 
verge of exitus. The following day there were bloody expectoration, fever, rapid 
pulse, and respiratory rate up to 44. 


H.W.-S6yrs. 


R. Nous 


Fig. 10.—Case 1. H. W. P. roentgenogram demonstrates apparently complete in- 
a of right lower lobe in gangrenous process. 


H.W.-S4yes.- 
Mar.10.56 


Fig. 11.—Case 1. H. W. Lateral film — clearly total involvement of right lower 
obe. 


He was transferred to medicine on January 25. <A right lower lobe infarct 
with superimposed Type III pneumococcus infection was evident. The patient 
was very ill; jaundice developed, v.d. Berg 3.00. On February 7 he commenced to 
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cough up portions of gangrenous lung. There was no odor. Type III pneumo- 
coccus was still present. 

On March 11 he was transferred to the surgery division. Sputum showed 
pneumococci, diplococci, B. fusiformis; there were 1.5 ounces of sputum. Elastic 
tissue was present. 


H.W.-S4yrs. 24-5 

Winoow THoracotom 

7-T-7 Riss 


Fig. 12.—Case 1. H. W. A. P. film six weeks after first stage. Site of rib removal is 
seen, 


On March 16, the eighth, ninth, and tenth ribs were resected after fashioning 
of flap over right lower lobe; chest wall muscles were preserved in flap. 

On March 20 discharge from wound proved evacuation of abscess into wound. 

The patient developed marked psychosis and, although for. the first five days 
following operation he had been afebrile and seemed well, he again became 
very ill. 

On March 24 sutures were removed, and the pack was removed without anes- 
thesia. Large masses of gangrenous lung fell out and continued to be evacuated 
during the next four weeks. 

On May 13 the patient could be up in a chair. Weight was 127 pounds 
(normal, 190 pounds). 

On June 19 third stage operation was performed. The surface of the lung by 
this time had been completely freed from slough; several large bronchial openings 
were present in the base of moderate-sized cavity. The muscle tissue was dis- 
sected out of the flap and carefully inserted into the lung cavity. Fine chromic 
catgut sutures were employed around the edge to maintain muscle pack in place. 
A thin liquid paraffin B. I. P. P. pack was inserted over the muscle and beneath 
the skin flap, which was sutured into position. This pack and sutures were 
removed June 25. 

On June 30, 1936, the patient was discharged, rapidly recovering strength and 
weight. The wound was dry and clean; there was no cough or expectoration. 

This patient has remained perfectly well during the five-year interval. He 
works as an iron moulder and carries on this heavy work without difficulty. 
Recent x-ray examination shows no abnormality other than loss of ribs on the 
tight side. 
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COMMENT 


In so far as I have been able to discover, this case is somewhat unique. 
A very competent resident judged the patient to have died as the result 
of the embolus. Recovery from this incident was followed by unusually 
massive lung gangrene but without anaerobic infection. Operation 
might, perhaps, have been undertaken at an earlier date; if this criticism 
be raised, I have no comment to make. 

The total period from date of first stage to discharge well advanced in 
convalescence was longer than in the other cases reported. The length 
of time between the second and third stages was necessary to permit 
exfoliation and evacuation of large masses of gangrenous lung. 


CHRONIC ‘‘CARBUNCLE’’ OF LUNG 


CasE 10.—L. S., aged 46 years, was admitted to the hospital Aug. 9, 1939; illness 
dated from March, 1939, following Type III pneumonia. At the time of admission 
multiple abscesses in the left lower lobe were evident. The patient was judged 
by the medical service to be too ill to undergo surgical interference. His con- 
dition became progressively worse. Weight was 127 pounds (normal 210 pounds). 
There were 12 to 16 ounces of sputum daily. As a last resort the patient was 
transferred to the surgery division on October 13. 


Fig. 18.—Case 10. L. S. Roentgenogram shows pack in lung cavity and in chest wall. 


On Nov. 2, 1939, under spinal anesthesia, the sixth, seventh, eighth, and ninth 
ribs were removed from the transverse processes to the midaxillary line. Chest 
wall muscles were conserved carefully in the flap. The intercostal muscle bundles 
and periosteum were removed. This exposed an area of parietal pleura approxi- 
mately the size of the operator’s hand. This large wound was i ine and 
bipped, and two large packs were inserted. 
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The amount of sputum dropped immediately to 1.5 to 4 ounces daily. 
became less marked, and patient’s general condition improved. 


. 14.—Case 10. L. S. Roentgenogram taken fourteen months after operation. 
is some distortion of the diaphragm but no sign of residual abscess. 


Fig. 15.—Case 10. L. S._ Roentgenograms taken fourteen months after operation. 
The site of operation wound is shown, also bulge of abdominal wall due to interfer- 
ence with nerve supply. The state of the man’s general nutrition is evident. 


On Nov. 9, 1939, the sutures were removed; the flap was turned back; the packs 
were withdrawn; and the whole of the exposed parietal pleura and lung surface 
was cut away with the cutting current. Irregular abscess cavities were opened 
up by means of the cutting current and by the finger. A large cavity in the left 
lower lobe thus developed. This cavity was tightly packed with a liquid paraffin- 
soaked bipped gauze pack. A second similar pack was placed in the chest wall 
opening; the skin and muscle in the flap again were sutured in position. 


Temperature dropped to normal. The amount of sputum was approximately 
lounce. The patient could be up in a chair on November 16. 
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On Nov. 28, 1939, the patient’s weight was 114.5 pounds. The third and final 
stage was performed. The flap was opened up, and both packs were removed. 
The interior of the large lung cavity, apparently occupying most of the left lower 
lobe, was found to be clean, free from necrosis, and with but little pus discharging 
from the numerous bronchial openings present. The muscle mass was removed 
from the skin flap and pressed into the lung cavity. Fine chromic catgut sutures 
were applied around the edge with the opening into the lung to maintain the 
muscle in position. A thin liquid paraftin bipped pack was inserted over the 
muscle and under the skin, and the subcutaneous tissue flap was again sutured into 
position. 

Three days later, December 1, the pack and sutures were removed. The pa- 
tient was discharged December 8. There was 1 ounce of sputum daily. The 
wound healed except for a small discharging sinus in the lower border. The dis- 
charging sinus rapidly cleared without active treatment so that by mid January, 
1940, the wound was soundly healed. 

Recent examination in April, 1941, showed the man’s general condition to be 
excellent. There was no cough or expectoration, and the wound was sound. 
Weight was 210 pounds. As photographs show, there was a bulge over the left 
side of the abdomen evidently due to injury to several intercostal nerves. He 
was not conscious of this bulge, and it was apparently of no inconvenience to him. 


DISCUSSION 


The objection may be raised that these patients have been subjected 
to an unnecessarily large amount of surgical interference; as a matter 
of fact, however, the shock which has accompanied operation at any one 
stage has been minimal and, apart from the first stage, has been sub- 
stantially absent. Although we do not wish to urge unduly the employ- 
ment of spinal anesthesia for the first stage, we believe that it is of eon- 
siderable importance, and as previously pointed out we have persisted 
in its use in operations for pulmonary tuberculosis as well as for lung 
abscess. 

Despite the number of operations performed, the postoperative period 
of hospitalization has not as a rule been protracted. In the ten success- 
ful eases reported the longest postoperative period has been 106 days; 
the shortest, thirty-three days; and the average, 47.2 days. Since all but 
one of our cases came into the category of chronic abscess, we are of the 
opinion that the period of postoperative convalescence is very consider- 
ably shortened by the assistance given to the natural reparative processes 
by the multiple stages of operative interference employed. 

It will be noted that, although a third but not final stage has been 
described, it has not been found necessary to employ this intermediate 
stage in any of the cases reported, although it has been used in cases of 
bronchiectatie abscesses. There is, I believe, no contraindication to its 
use if examination of the interior of the cavity indicates its advisability. 

It should be explained that the purpose of the rather cumbersome 
technique employed at the first stage is carried out for four reasons. 

1. Comparatively long lengths of ribs, including periosteum and inter- 
costal muscle bundles, are removed from the parietal pleura in order that 
adequate exposure of the affected lobe may be accomplished. 
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2. Care is taken in fashioning the soft tissue flap that the chest wall 
muscles are conserved in order that this material may be available at 
the final stage for the purpose of filling the cavity in the lung. Shen- 
stone, among others, has drawn attention to the value of muscle in accom- 
plishing closure of bronchial fistulas. 

3. The presence of a large pressure pack upon the parietal pleura for 
a period of seven or more days can be depended upon to fix adequately 
the former to the lung surface over a wide area so that at the second 
stage there is little or no risk of contamination and consequently in- 
fection of the free pleural space. 

4. The employment of a precise dehydration, B. I. P. P., liquid-paraffin 
pack, technique can be depended upon to avoid troublesome infection of 
the chest wall, including the rib ends. The appearance of the wound 
surface at the second stage when all of the tissues exposed are found to be 
covered with firm, bright red granulations makes it clear, I believe, that 
infection of the chest wall, irrespective of the virulence of the micro- 
organisms discharged when the abscess is opened, is well-nigh impossible. 
As a matter of fact, there has been no infection of the chest wall in 
any case. 

It has been gratifying to discover that there has been a complete ab- 
sence of postoperative complications except in Case 7 (bronchopneu- 
monia). Empyema has not developed postoperatively, nor has there 


been a single instance of persistent bronchial fistula. No unexpected 
plastic operation has been required. 


The fact that rubber tube drainage has not been employed has been 
in large measure responsible for avoidance of long-continued drainage 
and the necessity for plastic operations. 

It may be urged that a sufficiently long postoperative observation 
period has not elapsed; however, the absolute freedom from cough and 
any other symptom referable to the respiratory tract should, I believe, 
be accepted at its face value. 

A soft spot on the thoracie wall has, of course, been a concomitant 
phenomenon; however, there has been no complaint on the part of the 
patients due to this feature, nor has the paralysis of a portion of the 
abdominal wall been of interest to any one of them. 

It is not suggested that the technique recommended in this contribu- 
tion is essentially new. It will be noted that in certain respects it is very 
comparable to that described by Brunn and Goldman.’* I believe, how- 
ever, that there are a sufficient number of features of the operation as 
carried out by us to justify placing it before the Association. Of special 
interest perhaps are the memoranda made by Brunn and Goldman in the 
improvement in results in their clinic since May, 1934, as compared with 
earlier cases. In the first group the mortality rate was 45 per cent; in 
the second group, 21 per cent in twenty-four cases. 
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SUMMARY 


Attention is drawn to the seriousness and comparative frequency of 
pulmonary abscess. In our experience most of the cases have been sub- 
mitted for treatment during the chronic stage; this, we believe, has been 
a mistake. , 

No attempt at review of the literature on the subject has been made 
although references to a few of the more informative articles are 
ineluded. 

During the past five years a definite technique has been developed 
which, we believe, has a certain amount of merit. Our results have, in 
the main, been gratifying in so far as the cure rate was concerned. 
The period of postoperative invalidism has been comparatively short. 

The technique recommended is a staged procedure; three or four 
operative stages are required. 

In the first stage adequate access to the involved area of lung is 
provided for, and precautions are taken to avoid infection of the chest 
wall including the ribs. 

In the second stage wide removal of lung tissue in the neighborhood 
of, and overlying, the abscess is accomplished. By means of firm pack- 
ing of the lung cavity an attempt is made to induce subsidence of the 
edema which invariably accompanies the pneumonitis surrounding the 
abseess cavity. 

At the final stage obliteration of the lung cavity together with 
bronchial openings is accomplished by means of transplantation of a 
pedicle flap of the chest wall muscles which are carefully preserved 
at the first stage. 

In my opinion, the employment of B. I. P. P. and liquid paraffin gauze 
packing constitutes an essential feature of the technique. 


Although no extensive discussion regarding the function of the 
B. 1. P. P. is attempted, references are made to previous publications on 
this subject. 
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ANATOMIC CHANGES IN THE LUNGS FOLLOWING — 
THORACOPLASTY 


A Srupy or 134 Autopsy CasEs 


OscaR AUERBACH, M.D. 
StaTeEN Isuanp, N. Y. 


HORACOPLASTY has become an important procedure in the 

treatment of chronic pulmonary tuberculosis. Although it was in- 
troduced in 1885 and is now universally used, there are few clinical 
and even fewer pathologie reports on the results of the procedure. The 
pathologie studies which have been reported are limited to a few eases. 

This study was undertaken to determine the anatomic changes in both 
lungs following thoracoplasty. 

Material—tThe material in this study is based upon 134 consecutive 
autopsies performed, at Sea View Hospital, on patients who had a 
thoracoplasty of one or more stages during the period from June, 1932, 
to December, 1940. 

Age.—The majority of these patients (110) were between 20 and 39 
years, the usual age found at autopsy in cases of chronic pulmonary 
tuberculosis. Four patients were under 20 years, and twenty were over 
40 years of age. 

Sex.—HKighty-six of the patients were males; forty-eight were fe- 
males. This proportion of males to females is essentially the same as 
that found in our routine autopsies of all cases of tuberculosis. 

Race.—Ninety-three of the 134 patients were white; forty were 
negroes; and one was a Japanese. The proportion of whites to negroes 
in our entire series of autopsies is seven to four. 

Duration of the Pulmonary Tuberculosis—The duration of the pul- 
monary disease, caleulated from the onset of symptoms to the time of 
death, varied from six months to sixteen years. Seven patients died 
within one year after the onset of their symptoms; thirty-three lived 
from thirteen months to two years; and ninety-four lived for more than 
two years. This is interesting, because in the majority of cases of non- 
surgical chronic pulmonary tuberculosis, coming to autopsy, the duration 
of illness is less than two years. In this series of 134 cases, fifty-seven 
gave a history of less than two years’ duration, and seventy-seven of 
over two years’ duration of the disease prior to thoracoplasty. Of these 
seventy-seven patients, twenty-seven had an empyema at the time of 

From the Department of Pathology, Sea View Hospital. 


Read before the Twenty-Fourth Annual Meeting of the American Association for 
Thoracic Surgery, Toronto, Canada, June 9, 10, and 11, 1941. 
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operation. Almost all of the cases reported in this series, exclusive of 
those in which only obliteration of an empyema cavity was required, 
had one or more forms of unsuccessful therapy prior to thoracoplasty. 
In previous studies we have noted that those patients who survive a 
pulmonary tuberculosis for more than two years have little tendency 
to develop a progressive intestinal tuberculosis; that is, they have a 
more benign form of chronic pulmonary tuberculosis. 

The question arises as to whether the more benign forms of chronic 
pulmonary tuberculosis are chosen for thoracoplasty or whether the 
compression, even though insufficient to result in obliteration of the 
cavity, prevents further spread and prolongs life. Fifty-four patients 
had no active collapse therapy before operation, and they had lived 
for a number of years with chronic pulmonary tuberculosis. In these 
patients there can be no question of the relatively benign character of 
the disease. 

Duration After Thoracoplasty——The survival following thoracoplasty 
varied from immediately after the operation to five years; thus we were 
able to study the pathologic changes subsequent to the operation at 
different time intervals. Forty-one patients died within the first week, 
thirty-eight survived for one week to one month; thirty-five lived for 
two months to one year; and twenty lived for more than one year. 
Those patients who lived for more than one year after operation and 
who had repeated sputa negative for tubercle bacilli may be classified 
as patients with ‘‘arrested chronic pulmonary tuberculosis.”’ 

The small number of deaths of patients living more than one year 
after thoracoplasty may be explained by the fact that many of the pa- 
tients could not be found in the follow-up and many of them may pos- 
sibly have died of progressive pulmonary tuberculosis at home or in 
other institutions. These patients are not among those discharged 
under similar conditions who have faithfully returned to our outpatient 
clinie for many years. Most of the patients in our series were followed 
in our hospital during the greater part of the course of their disease. 
Sixteen of the twenty patients surviving thoracoplasty for more than 
one year did not have a sputum conversion and were never discharged 
from the hospital. Three of the remaining patients were discharged as 
arrested cases, and the fourth, who was positive, for disciplinary reasons. 
Of these three, one had only one sputum and one gastric analysis which 
were negative for tubercle bacilli before discharge; the other two were 
consistently negative. All were subsequently readmitted to our hospital. 

Procedures Attempted Before Thoracoplasty.—Seventeen patients in 
this series received no active therapy before thoracoplasty. In thirty- 
seven instances the thoracoplasty was performed after repeated attempts 
to establish an artificial pneumothorax had failed. These failures were 
due to an obliteration of the pleural cavity. Three patients had only 
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a phrenicectomy before thoracoplasty. The remaining seventy-seven 
had an artificial pneumothorax for variable periods of time prior to 
surgery. 

Forty-nine of the seventy-seven cases of artificial pneumothorax were 
complicated by an empyema. In twenty-one instances the empyema was 
accompanied by bronchopleural fistulas. 

In the presence of an empyema the thoracoplasty must obliterate not 
only the cavities in the lung, but also the infected pleural space. In 
nine instances thoracoplasty was done solely for the purpose of obliter- 
ating the empyema space, since the underlying pulmonary tuberculosis 
showed clinical evidence of healing. The sputum was negative for 
tubercle bacilli on repeated examinations in these cases, and their re- 
spective cavities were completely obliterated at autopsy. 

Twenty-two of the forty-nine patients with empyema had a thoracot- 
omy performed prior to thoracoplasty. A Schede operation, subsequent 
to thoracoplasty, was performed in eight cases. 

Thoracoplasty—F orty-one of the 134 patients had a one-stage tho- 
racoplasty; fifty-nine had a two-stage thoracoplasty; and thirty-one 
had a three-stage thoracoplasty. There were three cases of bilateral 
thoracoplasty. Nineteen patients had one or more revisions of thora- 
coplasty. Of these, fifteen had one revision and the four remaining had 
two, three, four, and five revisions, respectively. 

Seventy-seven (58.7 per cent) of the 131 cases of unilateral thoraco- 
plasty were on the right side, and fifty-four (41.3 per cent), on the left. 


Changes in the Thoracic Cage—Diminution in the circumference of 
the chest wall on the operated side will vary with the extent and number 
of the ribs removed. Domanig,'’ who made the most extensive studies of 
the thorax by means of complete coronal and cross sections of the chest, 
found that the nonoperated side had a circumference of from 4 to 10 
em. more than that of the operated side. 

Likewise he found that the shoulder girdle had sunk 2 to 3 em. and 
that the scapula had lost its hold on the thoracie wall and was situated 
deeper and nearer the midline. He also observed a lateral displacement 
of the vertebrae toward the operated side at the expense of the inter- 
vertebral dises. This scoliosis was always present following thoraco- 
plasty and varied in extent in different patients. 

Gross Changes in the Lungs—The changes in the lung resulting from 
thoracoplasty are characteristic. However, in evaluating these changes 
one must bear in mind the fact that in the majority of cases there was a 
previous compression of the diseased lung by artificial pneumothorax. 
Another difficulty is that many of these patients had chronic pulmonary 
tuberculosis for a number of years before thoracoplasty, and they showed 
evidence of marked healing changes prior to operation. 

The changes in the lung following thoracoplasty depend upon (1) the 
extent of the underlying pulmonary pathology at the time of operation, 
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(2) the duration of the disease before the operation, (3) the duration 
of pre-existing compression of the lung (either by artificial pneumo- 
thorax or the presence of fluid in the empyema eavity), (4) the extensive- 
ness of the thoracoplasty, and (5) the life span following the operation. 

Changes on the Thoracoplasty Side—The extent of compression of 
the diseased lung subsequent to thoracoplasty is dependent upon (1) 
the degree of fibrosis in the underlying parenchyma, (2) the diminution 
in the size of the thoracic cage, (3) the patency of the remaining tuber- 
culous cavity or cavities, and (4) the amount of aerated lung. One en- 
counters great difficulty in separating the lung from the chest wall on 
the operated side, particularly in the apical portion. The pleura is so 
firmly adherent to the chest wall in some instances that portions of the 
overlying ribs must be removed with the lung in order to obtain an intact 
pleura. 

During inflation of the lungs with Kaiserling’s solution after removal 
from the body, our routine procedure, one is impressed with the difficulty 
of inflating the surgically compressed lung. When the disease is exten- 
sive throughout the lung, one sees little or no expansion during inflation, 
but, if it is limited to the upper part of the lung, the lower portion will 
expand. 

This lung cuts with a markedly increased resistance, and frequently 
a grating sound is heard when the knife cuts encapsulated caseous 
calcified foci. 

A study of the effect of thoracoplasty on the lung reveals changes 
in the pleurae, pulmonary cavities, other tuberculous foci, bronchi, blood 
vessels, and the intervening lung parenchyma. 

Pleurae.—The visceral and parietal pleurae beneath the site of the 
thoracoplasty sear become markedly thickened. Frequently, in the 
absence of a previous empyema, the pleural eavity is completely 
obliteraed. Those patients who had an artificial pneumothorax of long 
standing prior to thoracoplasty may have, at autopsy, a patent pleural 
space, usually in the region of the lower lobe. Following thoracoplasty 
in some eases, fluid develops in a separated pocket at the site of opera- 
‘tion. It is our opinion that organization of this fluid results in a 
marked thickening of the pleurae and obliteration of the pocket. The 
thickness of the pleurae is greatest over the apical portion of the 
upper lobe where it may measure from 1 to 3 em. and is undoubtably 
composed, not only of the fused pleurae, but also of the adherent endo- 
thoracic fascia and overlying tissue in which the individual layers are 
indistinguishable. We feel that this thickness depends also upon the 
extent and duration of the underlying pulmonary pathology as well 
as upon the length of time elapsing between thoracoplasty and autopsy. 
The greater the interval of time, the greater the thickening. 
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The thickened extrapulmonary tissue is of firm and sometimes of 
cartilaginous consistency. It is gray, and toward the outer aspect in 
some regions, usually in the apical portions, there are soft, yellow 
enclosures of fat. 

Microscopically this extrapulmonary tissue shows a marked increase 
of loose and hyalinized connective tissue. Since this fibrous tissue is 
generally present in the apical portions of the lung where the cavities 
are usually situated, it very frequently fuses with the underlying fibrotic 
lung parenchyma. In sections stained with hematoxylin and eosin it is 
very often impossible to determine where the lung ends and the pleura 
begins. The pleuropulmonary junction is identified in these cases by 
means of an elastica van Gieson stain because the bands of elastic tissue 
are present at the junction of the lung and pleura. These bands may be 
destroyed in small areas but are intact over the greater portion of the 
lung. 


Fig. 1.—Coronal section of the lungs of a patient who died one day after a second 
stage thoracoplasty on the right side. The right upper lobe (a) is markedly com- 
pressed and contains a large amount of fibrous tissue. The right lower lobe has re- 
tained its resiliency. The cavity (b) in the right upper lobe is compressed to form a 
slitlike space. Note the markedly thickened pleura (¢c) at the site of the thoraco- 
plasty. A residual artificial pneumothorax space (d) is still present over the right 
lower lobe. There are two encapsulated caseous calcified foci in the left lung (e). 


There are numerous blood vessels lying within the fibrous tissue of 
the pleura. The arteries show a marked intimal thickening by connective 
tissue. Many dilated lymphatic vessels are also present. Lymphocytes, 
usually present in large numbers, are frequently arranged as dense 
collars around the arteries. 
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Irregular areas of fat are enclosed within the connective tissue, be- 
coming more extensive in the outer zones. Occasionally depositions of 
variable amounts of calcium are seen within the hyalinized connective 
tissue. This calcium is unrelated to the tuberculous process. 

Tuberculous foci were found in the pleurae in two eases in the absence 
of an empyema. In each ease there were occasional small and larger 
sized epithelioid-giant cell tubercles. The larger foci generally revealed 
a central zone of ecaseation. These foci were located in the region 
adjacent to the lung in the vicinity of lymphatic vessels and were indica- 
tive of a lymphatie drainage from an underlying tuberculous process 
in the lung. This drainage is an important factor in the consideration 
of an extrapleural pneumonectomy in those cases in which thoracoplasty 
fails to close the cavity and illustrates the negligible danger of producing 
a tuberculous infection of the chest cavity by removal of the pleura 
from the chest wall. 


Fig. 2.—Coronal section of the lungs of a patient who died two hours after a second 
stage thoracoplasty on the right side. Note the mediolateral compression of the cavity 
(a) in the right upper lobe. The remainder of this lobe shows a marked increase of 
connective tissue. The pleura over the thoracoplasty site (b) is markedly thickened. 
A residual artificial pneumothorax space (c) is still present over the right lower lobe. 


The Tuberculous Cavity—Closure of the tuberculous excavation was 
found in seventeen of the 134 cases. However, in eleven of these cases 
healing of the cavity was accomplished before the thoracoplasty. Cavity 
healing in nine occurred during pneumothorax treatment. These are the 
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patients, previously mentioned, who developed an empyema as a com- 
plication of the artificial pneumothorax and in the presence of a clin- 
ically healed tuberculous cavity, in whom a thoracoplasty was performed 
to obliterate the empyema space. In two patients spontaneous healing 
occurred before the thoracoplasty, and both died within six days follow- 
ing the operation. In the remaining six eases the healing of the cavities 
occurred subsequent to the thoracoplasty. 

The cavity closed, leaving a fibrous sear in six patients. The healing 
of the cavities in the others occurred by inspissation of the caseous con- 
tents within the lumen. Healing by inspissation is the most frequent 
form of cavity healing in both the treated and untreated patients whom 
we have seen at autopsy. The bronchi leading to the cavity in all in- 
stances were obliterated, ending blindly in the outer wall of the cavity. 


Fig. 3.—Coronal section of the lungs of a patient who died one day after a third 
stage thoracoplasty on the right side. Note the extensive thickening of the pleura over 
the right side (a). <A residual artificial pneumothorax space is present over the 
right lower lobe (b). Large irregular cavities (c) are present in this lung. Acinous 
nodose and encapsulated caseous foci are present in the left lung (d). 


In a recent study? we found that in closed healing of cavities closure 
of the draining bronchi is always associated with closure of the cavity. 
It was our opinion that compression therapy may aid in the process of 
bronchial occlusion. Following the institution of thoracoplasty a distor- 
tion in the course of the bronchus may occur which will cause an 
apposition of the tuberculous granulation surfaces (almost always 
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present at the bronchocavitary junction) and thereby facilitate their 
union. If the granulating surfaces unite firmly, the occlusion will be 
lasting and the cavity permanently closed. If the union is incomplete 
or absent, the cavity will remain open, either in its original shape or 
in a distorted form. The distorted form oceurs after thoracoplasty. 

The pathology in the closed form of the healing tuberculous cavity 
is characterized by the transformation of the cavity wall into fibrous 
tissue by an increase of connective tissue fibers at the expense of the 
cellular elements. When scar formation is the end result of cavity 
healing, the inner lining is invaded by granulation tissue which, as it 
fuses, obliterates the lumen. In inspissated cavities a central fragmented 
zone of easeation fills the lumen, and the wall is composed of a con- 
centrie zone of hyalinized connective tissue. 


Fig. 4.—Coronal section of the lungs of a patient who died immediately following 
a second stage thoracoplasty on the left side. There is a marked mediolateral com- 
pression of the left lung. Note the marked thickening of the pleura over the left 
upper lobe (a). A bronchopleural fistula is not well visualized in the left lower lobe 
(b). The compressed upper lobe contains encapsulated caseous calcified foci (c) and 
wide areas of fibrous tissue (d). The left lower lobe contains much resilient lung 
tissue (e). 

In 117 of the 134 eases the cavity on the operated side was still 
open, and in every instance the draining bronchi opening into the lumen 
were patent. The size and number of the bronchi opening into the 
cavity are dependent upon the size and location of the cavity; the 
more medial the excavation, the larger the bronchi; the larger the cavity, 


the greater the number. In all but two cases the tuberculous excava- 
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tions were located in the upper lobe, and in these two the cavity was 
situated in the upper portion of the lower lobe. 

Except in those patients upon whom a thoracoplasty was performed 
within a few months after the onset of illness, the tuberculous cavity 
showed similar characteristics in all cases. : 

The cavity in most instances was irregular. The walls in a number 
of the cavities were approximated as a result of the operation. In these 
cases they were flattened in a mediolateral direction to form cleft 
spaces. Similar flattened cavities resulting from thoracoplasties have 
been observed by Jehn,? Warnecke,* Saugman,°’ Lindblom,® Sauerbruch,’ 
and Stefko and Nikitowa.* Huebschmann® and Pinner’® have pointed 
out that these cavities may appear completely obliterated in the roent- 
genograms. 


Fig. 5.—Coronal section of the lungs of a patient upon whom a muscle flap opera- 
tion had been performed after a two-stage thoracoplasty and a revision had previously 
been unsuccessful in closing the cavity. The muscle flap (@) occupies the entire cavity 
=, An extensive tuberculous bronchopneumonia occupies the greater portion of the 
rig ung. 


The walls of the cavity are firm, gray-black and vary in thickness from 
2to5mm. In almost every instance the cavity wall was fused with the 
thickened overlying pleura in the lateral and apical aspects and some- 
times also with the pleura in the medial and basal aspects. The inner 
surface of the cavity was covered by variable amounts of caseous 
material. 
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Microscopically the inner pyogenic and ecaseous zones, as well as the 
middle zone of vascular granulation tissue, are similar to those seen in 
any tuberculous cavity. The outer zone presents the notable changes. 
The thickness of the cavitary wall is dependent upon the organization 
of the perifocal inflammation into fibrous tissue surrounding the zone 
of vascular granulation tissue. Thus a newly formed cavity has a 
narrow zone of connective tissue, and therefore its wall is thin. As the 
cavity grows older, the wall generally becomes thicker. In noncollapsed 
eases the elements of the perifocal inflammation are for the most part 
absorbed by the blood stream; the remainder are expectorated. In 
artificial pneumothorax cases, and to a greater extent in post-thoraco- 
plasty cases in which the compression is greater and more constant, 
the perifocal inflammation becomes organized into fibrous tissue due to 
the interference of the circulatory and the bronchial systems, the result 
being a more marked thickening of the cavity wall. Within these zones 
of fibrous tissue there are occasional compressed alveoli which are dis- 
torted in shape and lined by low cuboidal epithelium. 


Partial epithelialization was observed in four cavities. In three pro- 
gression of the tuberculous process was present in other parts of the 
cavity. The fourth case presented partial epithelialization of an in- 
spissated excavation. 

We have found similar thick-walled cavities in older patients whose 
chronic pulmonary tuberculosis had been conservatively treated and 


whose disease was of long standing. However, in these cases the picture 
in the remainder of the lung was different from that found in our post- 
thoracoplasty series. The portion of the lower lobe in the former was 
usually well aerated and often markedly emphysematous. 

Other Tuberculous Foci.—In almost every case the compressed lung 
contained encapsulated caseous foci in variable numbers, and ihey were 
more numerous in the upper portions of the lung. The foci varied from 
1 mm. to 2 em. Many showed white areas of calcification. These foci 
were surrounded by wide gray-black bands of connective tissue. Ir- 
regular zones of fibrous tissue radiated from the periphery into the 
surrounding parenchyma or, when situated in the subpleural aspects 
of the lungs, fused with the overlying pleura. 

These foci resulted from healing areas of caseous lobular pneumonia 
which developed as a result of a spread of the tuberculous process from 
the cavity into the adjacent lung parenchyma prior to thoracoplasty. 

Microscopically the central area of caseation in these foci usually re- 
vealed evidence of the former lung structure in hematoxylin-eosin prep- 
arations. The presence of intact elastic fibers in areas of caseation 
proves that these foci were originally areas of caseous pneumonia. 

The easeous foci are surrounded by wide productive zones. The older 
foei are encircled by wide bands of connective tissue; the inner part 
is hyalinized, and the outer part is loose and extends irregularly into the 
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surrounding lung parenchyma. The hyalinized connective tissue orig- 
inated from organization of the vascular granulation tissue may contain 
occasional epithelioid and giant cells. The outer loose connective tissue 
zone, arising from organization of the perifocal inflammation, frequently 
contained coal pigment. 

The capsules of the more recent foci revealed a predominance of 
cellular elements over collagen fibers, especially in the inner zone. 

These foci differ from similar foci of the same age in noncollapsed 
lungs in that the capsule is wider. 

‘Calcium depositions appear simultaneously with the transformation 
of the cellular capsule into hyalinized connective tissue; however, all 
foci with hyalinized capsules do not contain calcium. 


CHANGES IN THE BRONCHI, BLOOD, AND LYMPATHIC VESSELS 


Bronchi.—We have already discussed the effect of collapse therapy 
upon the bronchi draining the tuberculous cavity. 

Our findings do not substantiate those of Stefko and Nikitowa® in 
the bronchi following thoracoplasty. According to these authors, 
changes by necrosis and atrophy of the cartilage occur in bronchi of the 
second and third order. 

We saw an extensive caseous endobronchitis in one ease in bronchi 
of the second and third order. However, in all other cases tuberculous 
involvement of the bronchi was limited to the bronchocavitary region, 
and it usually was not extensive. Bronchi in the remainder of the com- 
pressed lung revealed smooth, intact mucous membranes. 

Microscopie changes in the bronchi at a distance from the tuberculous 
cavity were limited to a peribronchial increase of loose connective tissue 
which contained variable amounts of coal pigment. 

Bronchiectasis was observed in thirty-seven cases (or 27.6 per cent). 
In twenty-one cases dilated bronchi were present in the upper lobe of 
the collapsed lung; in nine, in the middle or lower lobe; and in seven, 
in the upper and lower lobes. The dilated bronchi in the upper lobe 
were located chiefly in the anterior or the posterior aspect; in some in- 
stances, in both portions. Tuberculous cavities in the upper lobe 
usually develop in the lateral aspect and tuberculous foci in the anterior 
and posterior portions. Bronchiectasis develops with the healing of these 
foci and the subsequent development of fibrosis. 

The bronchi were usually cylindrically and less frequently saceularly 
dilated. They were lined by a smooth gray membrane. Intervening 
gray-black bands of firm tissue, containing occasional encapsulated 
easeous and ecaseous calcified foci, were present between the dilated 
bronchi. 

Microscopically these bronchi were lined by columnar epithelium. 
Occasional areas revealed a metaplasia to squamous epithelium. The 
epithelium was thrown into papillary projections. In areas where the 
mucous membrane was absent they were lined by a zone of vascular 
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granulation tissue. Generally the bronchi revealed no evidence of 
tuberculous changes, and only rarely was a submucosal tubercle observed. 
We observed no evidence of secondary infection in any of the dilated 
bronchi. 

Bronchiectasis is a complication of healing in chronic pulmonary 
tuberculosis. It accompanies and is the result of an extensive fibrosis 
concomitant with healing of the tuberculous process. Although 
bronchiectasis is observed in the untreated patients with chronie pul- 
monary tuberculosis of long standing, it is much more frequently ob- 
served in patients who had some form of collapse therapy. Gardner," 
in a study of fifteen autopsies upon patients treated by artificial pneumo- 
thorax, claimed also that bronchiectasis is the rule in long-standing 
cases of compression therapy. 

Blood Vessels—Gardner"™ pointed out that compression of the tissues 
results in crowding the usual number of large vessels into a smaller unit, 
but that there is no actual inerease in their number. 

Pulmonary Arteries —The changes in the pulmonary vessels may be 
divided into two groups—(a) those occurring in the diseased areas and 
(b) those occurring in healthy parts of the lung. The changes in the 
diseased areas are anatomically visible, while those occurring in the 
healthy portions of the same lung cannot be demonstrated anatomically. 

A. Changes in Pulmonary Arteries in Diseased Areas.—The pul- 
monary arteries coursing diseased portions of the lung show character- 
istic changes. These changes, however, are not peculiar alone to the 
lungs treated by collapse therapy, because they are also present in 
eases of chronic pulmonary tuberculosis which have been treated con- 
servatively. These arteries show a variable thickening of the intima 
by an increase in loose connective tissue with a concomitant decrease in 
the size of the lumen of the vessel. 

B. Changes in Pulmonary Arteries in Healthy Areas.—A significant 
change occurs throughout the entire lung parenchyma which cannot 
be demonstrated anatomically, namely, a marked decrease in the blood 
supply caused by the compression of the blood vessels. This is seen most 
strikingly in those cases which have undergone a generalized hematog- 
enous dissemination. The noncompressed lung shows a typical hematog- 
enous seeding, while the collapsed lung shows none. Two cases in 
this series revealed a typical hematogenous seeding in which the size and 
number of the foci decreased from apex to base in the uninvolved lung, 
while the opposite lung, in which the lower lobe could be only partially 
re-expanded, contained no such foci. We have made similar observations 
in patients in whom one lung had been compressed by artificial pneumo- 
thorax or by an empyema. Lindblom,® Forlanini,'? Schmorl,'® and 
Rolland'* have described cases in which the collapsed portion of the lung 
parenchyma was spared in the tuberculous generalization. 

Animal experiments by Schur and Plaschkes’ are in contrast to the 
findings just deseribed. These authors, after producing an artificial 
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pneumothorax in rabbits, injected human or bovine tubercle bacilli 
intravenously. They found a more extensive tuberculous process in the 
compressed lung. Tomaszewski,’ who had similar results in his animal 
experiments, believed that the diserepancy in the findings in experi- 
mental animals and human beings lies in the fact that the dosage of 
tubercle bacilli used in animals was too large and that it produced 
such extensive changes in so short a time that comparable conditions have 
never been observed in human beings. 


Rubel,’? on the other hand, found less intensive changes in the col- 
lapsed lung of animals having a unilateral chest immobilization prior 
to intravenous injection of tubercle bacilli. 

We agree with Pinner’s’® statement that the findings in man are more 
convineing than those in experimental studies in which a protective 
action of pneumothorax was not demonstrable. 


Passage of Blood in Collapsed Lung.—There is a difference of opinion 
as to the blood supply in the collapsed lung. Bruns,?* by animal experi 
ments, found a greater passage of blood in the physiologically expanded 
lung than in the compressed lung. Cleotta,’® on the other hand, believed 
that a maximum filling of the blood vessels occurs in the collapsed lung 
and that the minimum flow occurs at the height of inspiration. 

Lymph Vessels—Jehn,* as well as Stefko and Nikitowa,* placed 
especial emphasis on the findings of dilated lymphatics with a con- 
comitant stasis of lymph in the compressed lung. Stefko and Nikitowa 
felt that this lymph stasis together with that of the blood in the pul- 
monary veins stimulates the production of fibrosis in the collapsed lung. 
It is our opinion that the lymph stasis is the result, rather than the 
cause, of the fibrosis. 

Intervening Lung Parenchyma.—The changes in the intervening lung 
tissue are dependent not upon the degree or the length of time of col- 
lapse, but rather upon the extent of the underlying pulmonary pathology 
at the time when compression therapy was instituted. Staemmler?° 
examined the lungs of a patient who died eighteen years after thoraco- 
plasty and found that the compressed lung showed only slight variation 
from the normal. 

In lungs which at the inception of collapse therapy contained no tuber- 
culous foci, or only oceasional ones in the lower lobe, the parenchyma 
in spite of being markedly compressed still has a feeling of resilieney 
on palpation. When such lungs are inflated with Kaiserling’s solution, 
the lower lobes can be reinflated to their original size if the overlying 
pleurae have not been thickened and have not lost their elasticity. 

The lungs in cases containing more advanced processes at the institu- 
tion of collapse therapy present irregular gray and gray-black bands 
of connective tissue coursing throughout the parenchyma. These lungs, 
when inflated with Kaiserling’s solution, show moderate re-expansion, 
yet they never attain their original size. 
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When an extensive process is present in the lower portions of the 
lung at the beginning of collapse therapy, the autopsy findings are 
characteristic. The lungs, when inflated with Kaiserling’s solution, 
either do not re-expand or expand very slightly. The volume of these 
lungs may be reduced to about one-third, or even less, of their original 
size. They cut with markedly increased resistance and on section show 
a smooth gray surface containing large amounts of coal pigment. 
Studded throughout the parenchyma are numerous encapsulated caseous 
and easeous calcified foci. Wide bands of connective tissue occupy the 
greater portion of the parenchyma. Small zones of resilient lung are 
found between the connective tissue bands. 

Microscopic Examination.—It has been pointed out by Warnecke* and 
Jehn® that the fibrous tissue proliferation in the compressed lung 
originates chiefly in the perivascular, peribronchial, and pleurogenic 
connective tissue. It is Jehn’s* impression that the changes in the blood 
and lymph circulation, especially the lymphatic stasis, stimulate the 
connective tissue proliferation. Brauer?! was the first to point out that 
the healing changes in the lung parenchyma were essentially the result 
of a slowing of the lymph circulation. . According to Stefko and 
Nikitowa,® this connective tissue arises from the adventitia of the blood 
vessels and from the loose connective tissue in the interlobar and inter- 
lobular septa in which lies the main network of pulmonary lymph vessels. 


Lindblom,® in discussing the changes in a lung treated by artificial 
pneumothorax which subsequently developed a serous or purulent 
exudate, stated that the intrapulmonary fibrosis is practically always 
interstitial and extends along the lymph passages from the pleura to the 
hilus, i.e., the intralobular, perivascular, and peribronchial lymphatics. 
He believed that it is the result of an inflammatory process in the 
interstitial tissue, a process which has the character of a chronic inter- 
stitial pleurogenie pneumonia. 

The findings in our eases do not substantiate the views of intralobular, 
perivascular, peribronchial, and interstitial development of fibrosis in 
the collapsed lungs as postulated by Jehn,? Warnecke,‘ Lindblom,® and 
Stefko and Nikitowa.2 The mechanism of development of the fibrosis 
in collapsed lungs appears no different from that observed in non- 
collapsed lungs. Pinner’ rightly pointed out that the amount of fibrous 
tissue in lungs subjected to collapse therapy exceeds by far that seen in 
noneollapsed lungs. He showed that, while massive fibrosis is present 
in the chronic types of uncollapsed fibrotic phthisis, its development is 
slow and probably requires years to form. 

The development of fibrosis in chronic pulmonary tuberculosis can 
be followed in all of its stages. The connective tissue forms from the 
organization of the perifocal inflammation, and its extent usually de- 
pends upon the size of the focus around which it develops; the larger 
the focus, the greater the surrounding reaction. 
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Fibrosis is often present in the form of bands which course in an 
apicobasal direction, and in almost all instances a caseous focus is 
present within the fibrous zone. These bands of fibrous tissue are the 
result of the mediolateral compression of the lung. The reason for the 
frequent occurrence of fibrosis in the subpleural aspects of the lung lies 
in the fact that tuberculous foci have a predilection for these parts of 
the lung parenchyma. 

In the course of noncollapsed cases of chronic pulmonary tuberculosis 
the outer and larger part of the perifocal inflammation undergoes 
resolution, while the inner region alone is transformed into connective 
tissue. 

As new foci form, additional areas of perifocal inflammation with 
subsequent fibrosis develop. Patients with a progressive form of chronic 
pulmonary tuberculosis usually die before extensive fibrosis can de- 
velop. In the more benign forms an extensive fibrosis develops in the 
lung. In older patients with a history of chronic pulmonary tubercu- 
losis of long standing, one sees extensive fibrosis in the region between 
the cavity and the pleura. Although the volume of the upper lobes is 
reduced, it is much greater than that observed in a post-thoracoplasty 
lung. 

Huebschmann’ has pointed out that the fate of the perifocal inflamma- 
tion is for a great part dependent upon the condition of the bronchi in 
the region of the perifocal inflammation; if the lumina of the bronchi in 
these areas are occluded by caseous plugs, extensive organization of the 
perifocal inflammation will occur. 

Similarly, if the lung is collapsed by an artificial pneumothorax, or 
to a greater extent by thoracoplasty, the perifocal inflammation is en- 
trapped within the alveoli and becomes organized into fibrous tissue. 

When the lung is collapsed, the extent of the developing fibrosis 
depends upon the extent of the perifocal inflammation in the lung at the 
time such therapy was instituted. In addition to the virulence of the 
infection, the extent of the perifocal inflammation depends upon the 
number and size of the tuberculous foci present. It is, therefore, obvious 
that, if a few foci or none at all are present in the lower lobe, the lobe 
will retain its resiliency regardless of the duration of the collapse. 

Microscopically the perifocal inflammation is an alveolar filling process 
composed of alveolar phagocytes, lymphocytes, red blood cells, and 
variable amounts of serum, and it surrounds the fresh caseous focus. 
It has already been pointed out that, with organization of the inner 
portion of the perifocal inflammation, the fibrous tissue, so formed, be- 
comes the outer wall of the capsule of the caseous focus. 

The alveoli are not uniformly involved in this process; some are fully 
filled, others partially, and still others are empty. The fibrous tissue 
resulting from the organization of the perifocal inflammation contracts, 
and the empty alveoli, as well as those partially or completely filled with 
the process, are not converted into connective tissue but are compressed 


> 

4 

a 


36 THE JOURNAL OF THORACIC SURGERY 


and flattened by the surrounding fibrous tissue. One is often surprised 
at the number of intact alveoli present in a lung which grossly is 
markedly contracted, firm, and flat. 

Changes Occurring in the Opposite Lung Following Thoracoplasty.— 
Two important questions must be answered. (1) Does thoracoplasty 
prevent a spread of the tuberculous process to the opposite side? (2) 
Does healing of the tuberculous foci in the opposite lung occur following 
the operation? In answering these questions, one must disregard those 
patients who had tuberculous cavities in the contralateral lung at the 
time of the thoracoplasty because such cavities can be the source of 
further dissemination in that lung. 

1. Thoracoplasty in the Prevention of a Spread of the Tuberculous 
Process to the Opposite Side—Three patients in this series had a 
bilateral thoracoplasty. Thirteen of the remainder had cavities in the 
opposite lung at the time of the operation. Six of these thirteen had an 
artificial pneumothorax, and the remaining seven received no form of 
collapse therapy in the contralateral lung. 

Of the remaining 118 patients, forty-six showed a spread of the 
tuberculous process in the opposite lung subsequent to thoracoplasty. 
The spread to the contralateral lung may occur immediately after the 
operation, or it may occur long afterward. 

Immediate Spread.—Four patients died within one or two days, and 
one died six days after the operation and showed an extensive lobular 
pneumonia in the opposite lung, which in many regions contained casea- 
tion. It is possible that in these cases the thoracoplasty resulted in a 
sudden discharge of tubercle bacilli or their products into the alveoli of 
uninvolved lung, as pointed out by MeCordock and Ballon.?? These 
authors reported two such cases of tuberculous bronchopneumonia im- 
mediately following thoracoplasty. It is their impression that patients 
subjected to thoracoplasty are all potentially sensitized patients and 
that the compression therapy acts merely as an inoculating mechanism, 
by means of a sudden discharge of relatively large quantities of tubercle 
bacilli or their products into the alveoli of uninvolved lung. Pinner’? 
believed that massive lesions in the contralateral lung developing 
suddenly after collapse measures must be explained by massive broncho- 
genie metastases from the collapsed lung. He claimed that this spread 
occurs in patients with large amounts of sputum, more frequently fol- 
lowing thoracoplasty than following any other collapse procedure. <Ac- 
cording to him, such spreads are closely associated with paradoxical 
breathing; the contralateral lung not only inspires air from the collapsed 
lung, but it also aspirates its secretions. 

Later Spread.—The remaining forty-one patients died from one 
month to four years after thoracoplasty and showed a progressive 
tuberculosis of varying amounts; each revealed cavitation in the upper 
lobe. 
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We believe that this relatively small number of fatal cases (forty- 
six), having evidence of a progressive lesion in the contralateral lung, 
justifies the conclusion that compression therapy prevents or greatly 
diminishes the chances of spread to the opposite lung. This opinion 
is shared by Pinner,’® who emphasized that the frequency of broneho- 
genie spread is diminished by collapse therapy. Brauer?! pointed out 
that sputum aspiration from one part of the collapsed lung to another, 
or to the opposite lung, is not to be expected following pneumothorax 
or in thoracoplasty. 

Pinner’’ emphasized that many contralateral lesions are not caused 
by a bronchogenic spread, but by reactivation of old foci. In a number 
of our eases the tuberculous process in the contralateral lung was so 
extensive that the pathogenesis could not be established, particularly 
in the presence of large cavities. In those instances in which the 
pathogenesis could be established we were unable to demonstrate any 
evidence of endogenous exacerbation. 

2. Healing of the Tuberculous Foci of the Opposite Lung Following 
Operation.—In sixty-two of our eases the tuberculous process in the 
contralateral lung showed evidence of anatomic healing. 

Collapse therapy (artificial pneumothorax and thoracoplasty) can 
aid only indirectly in the healing of tuberculous foci which were present 
in the contralateral lung at the inception of the treatment; thus the 
prevention of further spread into this lung enhances the opportunity 
for healing of the foci already present. 

The number of tuberculous areas found in the contralateral lung 
varied from an occasional one to many foci throughout the parenchyma. 
Since these foci are the result of a bronchogenic spread from cavities on 
the opposite side, their number is dependent upon the conditions govern- 
ing the spread of the vomica. One of these factors is the time elapsing 
between the development of the cavity and the introduction of collapse 
therapy. Another factor is the effectiveness of the artificial collapse. 

All stages of anatomic healing observed in similar lesions in the 
collapsed lung are observed in the contralateral lung. In addition 
there are a number of differences. The capsules of the foci in the non- 
collapsed lung are much narrower because the outer portions of the peri- 
foeal inflammation surrounding them are resorbed and do not enter 
into the connective tissue proliferation which forms the outer capsular 
wall. 

Emphysema.—The presence of emphysema in the contralateral lung 
is constant. Emphysema is also present in the lower lobe on the 
thoracoplasty side when the collapse of the lung is limited to the upper 
lung field. It is usually most marked in the basal aspect of the lower 
lobes. There are two types of emphysema—(a) compensatory and (b) 
perifoeal. 

Compensatory Emphysema.—The degree of emphysema varies in dif- 
ferent patients. It is usually most extensive in those cases in which 
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there has been a marked destruction of the lung on the operated side 
and also in those patients who have received collapse therapy for a 
long time. 

The emphysematous lung is voluminous. Its anteromedial aspect 
extends over the greater portion of the heart. The surface of emphysem- 
atous lungs has a gray-white color. Section of the lung reveals dilated 
alveoli present throughout the entire parenchyma, but chiefly in the 
subpleural aspects. In the latter regions emphysematous blebs are 
often present, and they are lined by a smooth gray membrane. 

Perifocal Emphysema.—Perifoeal emphysema results from the heal- 
ing of both acinous and encapsulated caseous foci. As the capsules of 
the caseous foci are transformed from granulation to connective tissue, 
_they contract, stretching the septa of the adjacent alveoli. The thinned 
septa tear, producing dilated alveolar spaces. Similarly, the acinous 
nodose foci with healing are gradually converted into connective tissue, 
and concomitant stretching and tearing of the surrounding alveoli 
occur. When the distention of the surrounding alveoli is extensive, 
emphysematous blebs result. The extent of the emphysema is dependent 
upon the size of the focus and the stage of healing of the foci. The 
larger the foci, the greater the contraction -of the connective tissue 
capsule and the greater the stretching of the surrounding alveoli. 


CONCLUSIONS 


1. A study of 134 autopsies was made on patients who had a thora- 
coplasty of one or more stages. 

2. Eighty-six were males; forty-eight were females. Of these, ninety- 
three were white; forty were negroes; and one was a Japanese. 

3. The survival following thoracoplasty varied from immediately 
to five years after the operation. 

4. No active therapy was used prior to thoracoplasty in fifty-four 
eases. Three patients previously had a phrenicectomy, and seventy- 
seven had had an artificial pneumothorax. Forty-nine of the seventy- 
seven cases were complicated by an empyema, and in twenty-one of 
these bronchopleural fistulas were present. 

5. Forty-one of the 134 patients had a one-stage thoracoplasty ; fifty- 
nine, two stages; and thirty-one, three stages. Three were cases of 
bilateral thoracoplasty. Nineteen patients had one or more revisions of 
their thoracoplasties. 

6. Following thoracoplasty there was a marked thickening of the 
pleurae and overlying tissues. This thickening was most marked in the 
apical region at the site of thoracoplasty. 

7. Tuberculous foci were found in the pleurae in two eases in the 
absence of an empyema. 

8. Closure of the tuberculous cavity occurred in seventeen of the 
134 eases. In eleven of these, healing of the cavity occurred prior to 
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thoracoplasty. In nine cases the thoracoplasty was performed to 
obliterate the empyema space. In two patients spontaneous healing 
occurred before operation. In the remaining six eases healing of the 
cavities was subsequent to thoracoplasty. . 

9. Healing with inspissation of the caseous contents within the lumen 
of the cavity occurred in eleven instances; healing with sear formation 
as the end result occurred in six eases. In every instance the draining 
bronchi were closed. 

10. In the 117 cases in which the cavity was still open the draining 
bronchi (opening into the lumen) were patent. The cavity was often 
irregular, and in a number of instances it was flattened in a mediolateral 
direction as a result of the operation. 

11. Bronchiectasis was present in thirty-seven cases (or 27.6 per 
cent). The dilated bronchi were present in the upper lobe on the side 
of the thoracoplasty in the anterior and posterior aspects. In rare in- 
stances a tuberculous process was observed in the form of submucosal 
tubercles. No evidence of secondary infection was present in any of 
the dilated bronchi. 

12. The pulmonary arteries in the diseased areas showed evidence 
of an obliterating endarteritis. 

13. A marked decrease in the blood supply in the collapsed lung 
was seen in two eases in which a generalized hematogenous dissemina- 
tion spared the compressed healthy lung parenchyma. 

14. The amount of fibrosis which developed in the compressed lung 
was dependent upon the extent of the pulmonary pathology at the time 
when compression therapy was instituted. The fibrosis did not develop 
from the peribronchial or perivascular connective tissue or from that 
of the pleura, but from the perifocal inflammation around the caseous 
foci which was entrapped as the result of compression therapy. 

15. Forty-six of the 118 patients with a unilateral thoracoplasty 
who had no eavities in the opposite lung at the time of operation showed 
a spread to the opposite lung subsequent to the operation. 

(a) In four patients the spread occurred within one or two days and 
in another six days after the operation. These cases showed an ex- 
tensive tuberculous lobular pneumonia in the opposite lung. 

(b) Forty-one died from one month to four years after the thora- 
coplasty and showed a progressive tuberculosis in the contralateral 
lung. 

16. This relatively small number of fatal cases (forty-six) in the 
contralateral lung pointed to the fact that compression therapy pre- 
vented or greatly diminished the chances of spread to the opposite 
lung. 

17. In sixty-two of the cases the tuberculous process in the contra- 
lateral lung showed evidence of anatomic healing. Collapse therapy 
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indirectly aided the healing of the tuberculous foci present in the 
contralateral lung at the inception of treatment by prevention of 
further spread. 


thoracoplasty was accomplished. This was not made clear. 
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DR. EDWARD J. O’BRIEN, Detroit.—It is certainly a very dismal and _pessi- 


mistic outlook we have been given in this report. We cannot argue with the pa- 
thologist. However, I do not believe that these findings, and their inferred impor- 
tance in the results of thoracoplasty are substantiated by the results universally 
reported from the use of this procedure. 


It does not coincide with our figures, or those presented by many, of 80 to 90 


per cent closure of cavities. Auerbach reports seventeen of 134, and none of these 
with thoracoplasty alone. T should like to have a little more explicit information 


to how much, and what sore of disease existed in these patients, and how much 
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Forty-six spreads to the contralateral lung are out of all proportion except in 
far advanced and soft lesions. This again does not check up with other figures. A 
wrong conception of the results of thoracoplasty will be given unless more specific 
information about this series is reported. 


I want to know who died when, and what type of lesion the patient had when 
he was operated upon. What percentage had thoracoplasty completed? Were they 
the last-resort, unfavorable cases, or average ones? 


In this series it is stated that ‘‘all cavities were closed before thoracoplasty.’’ 
This is inconceivable to me, and I do not know how this was determined. A great 
percentage of them had artificial pneumothorax, and many of them had fluid, some 
with bronchopleural fistula. The thickness of the pleura in these patients and the 
effectiveness of the thoracoplasty are not mentioned. 


The few slides shown did not suggest a very effective collapse. As I have stated, 
if we are going to find out what all of this means, we shall have to know exactly 
just what type of lesion was present and how much collapse was accomplished before 
death. Also how long after operation did death ensue? 


I should like very much to have these points cleared up. The paper is altogether 
too much generalized. It infers, quite unfairly I believe, that thoracoplasty is not 
very efficient, and we all know it is the most effective collapse procedure we have. 
I get nothing out of it except that thoracoplasty closed no cavities, and that 154 
autopsies have taken place in that period of time. What percentage that was to 
operation is not mentioned. 

There can be no question, of course, of the autopsy findings, but I object to the 
inference drawn. Certainly a cavity will not be found healed if the patient dies 
a few days or weeks following operation. Most certainly it will not be healed if 
inadequate collapse exists. How many patients fell into these groups is not stated, 
and without this knowledge the paper seems to be of little value. 


DR. MAX PINNER, New York City.—I believe Dr. Auerbach’s paper is in con- 
formity with the available material. The disagreement between Dr. O’Brien and 
Dr. Auerbach hinges on just one point. Dr. O’Brien talks about living patients, 
and Dr. Auerbach talks about dead patients. Among those that are dead and have 
come to autopsy, extremely few cavity closures have been observed. 

Up to 1933, there was one or possibly two cases reported in the entire literature, 
in which definite cavity closure had occurred following collapse therapy. In the 
meantime, approximately twelve more cases, not counting Dr. Auerbach’s cases given 
today, have been reported, so that Dr. Auerbach’s statements are entirely consistent 
with what has been reported elsewhere. 

I should like to ask a few questions of Dr. Auerbach. He mentioned some forty 
patients who died of contralateral spread. I should like to know what is the pre- 
dominant cause of deaths in the remainder of the 134 cases. 

Also, he made the summary statement that the bronchiectases found in these cases 
were not secondarily infected. I should like to know what methods he has used 
to determine that. 

On ciinical grounds, I believe we have all the evidence that in the patients who 
do develop post-tuberculosis bronchiectasis, with or without collapse therapy, mixed 
infection plays a prominent part. We have observed a number of cases in which 
the tuberculous infection subsided completely; that is, no tubercle bacilli could be 
found on frequent examinations, but the symptomatology of infected bronchiectasis 
persisted, with very obvious evidence of secondary infection, according to both 
sputum examinations and examinations of bronchoscopic aspirations. 


DR. DEAN B. COLE, Richmond, Va.—I should like to know how many of those 
with positive sputum were negroes, and how many were whites. 
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DR. OSCAR AUERBACH, Staten Island, N. Y.—In answer to Dr. O’Brien, may 
I say that we believed this paper was definitely optimistic as regards thoracoplasty. 
Approximately 1,500 thoracoplasties were performed in a period of eight and one-half 
years. <A total of 134 of these cases came to autopsy. The fact that seventeen of 
them revealed a closure of their cavities is remarkable. 

Another important point, as stated in the paper, is that in these cases a number 
had bilateral cavities at the time of thoracoplasty. 

We believe that this paper reports good results and a very favorable outlook for 
the thoracoplasty procedure. 

The lack of time for discussion of the type of cavity suitable for thoracoplasty has 
been mentioned. We feel that the duration of the disease in a patient prior to 
surgery plays an important role in the results. Some of these patients had had 
cavities for two, three, four, and even five years prior to surgery, and their cavitary 
walls were thick due to a marked fibrosis at the institution of collapse therapy. 
The duration of previous pneumothorax therapy, varying from a few days to a 
number of years, must also be considered in such an evaluation. 

Concerning Dr. Pinner’s questions as to the predominant cause of death, it was 
impossible to mention this morning that these patients lived, in the majority of 
cases, for a long time with their disease before surgery and that they died with all 
the usual complications of chronic pulmonary tuberculosis. Some died in amyloid 
uremia, of a nonspecific bronchopneumonia, of heart failure, or of the other usual 
causes of death in their respective age group. 

Our criteria for determining the absence of an infected bronchiectasis were (1) 
the presence of an intact bronchial mucous membrane, (2) the absence of increased 
numbers of polymorphonuclear leucocytes, and (3) the absence of signs of inflam- 
mation in the bronchiectatic areas. 

I do not have the figures with me for the ratio of negroes to whites in this series, 
but the majority of patients were white. The proportion of whites to negroes was 
the same as that in our general autopsy series. 


(See discussion on page 103.) 
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SURGERY IN PULMONARY TUBERCULOSIS 


A Stupy or CoLLapse THERAPY, WITH SPECIAL REFERENCE TO THORACO- 
PLASTY, BASED UPON THE RESULTS OF THIRTEEN YEARS 


Apams, M.D., Boston, Mass., AND Paut Duravtt, M.D., 
RutLANp, Mass. 


HE year 1939 ended a decade of maturity in the technique of 

thoracoplasty as distinguished from the adolescent period of preced- 
ing years. Concepts of therapy and details of technique underwent 
such rapid evolution even during the first half of the nineteen-thirties 
that the results of group analysis at that time would have been difficult to 
interpret. But now, fifteen years after the first thoracoplasty in this 
study, six years after our last major change of technique (Semb apicol- 
ysis), and two years after the last operation performed in the group 
being examined, it seems appropriate to make a detailed survey of the 
operation, to evaluate the results obtained and comprehensively review 
the whole program of collapse therapy. 


BASIS OF SURVEY 


The inquiry is based upon 241 consecutive cases of thoracoplasty 
chosen from 4,388 consecutive admissions to the Rutland State Sana- 
torium, Rutland, Massachusetts,* from 1927 to 1939 inclusive. The 
admission classification is shown in Table I. 


TABLE I 
ToraL ADMISSIONS (1927-1939) 


NO. OF CASES PER CENT 
Stage 1 491 11.8 
Stage 2 1,568 37.9 
Stage 3 2,075 50.2 
Not considered (nontuberculous and child- 254 

hood type tuberculosis) 


The thoracoplasty group was recruited from the three stages in the 
proportions shown in Table II. 


From the Department of Surgery, Massachusetts General Hospital and the Mas- 
sachusetts Department of Public Health. 

Read before the Twenty-Fourth Annual Meeting of the American Association for 
Thoracic Surgery, Toronto, Canada, June 9, 10, and 11, 1941. 

*Dr. Ernest B. Emerson, Superintendent. The medical work was done by the Sana- 
torium staff and the surgical work by Dr. Edward D. Churchill and his associates at 
the Massachusetts General Hospital, Boston. 
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THE OF 


TABLE IT 


THORACOPLASTY GROUP 


NO. OF CASES PER CENT 
1 4 1.6 
2 111 46.1 
3 126 52.3 


241 100.0 


BASIS OF SELECTION 


Candidates for thoracoplasty appear before a joint medico-surgical 
conference where their history is reviewed and their status is considered 
in the light of careful clinical, bacteriological, haematological and roent- 
genological studies. Recommendations reflect the past experience of both 
clinicians and surgeons. 

In spite of all the published analyses of composite results, the complex 
mechanism of collapse therapy still depends, for smooth and efficient 
functioning, on a rigorously individualized application. Accepted 
criteria for thoracoplasty are well known. Ours vary little from those 
of other thoracic surgeons throughout the country. A young person 
in good general condition with unilateral, cavernous apical tuberculosis 
of the productive type, constitutes the ideal case. Favorable results, 
however, have demonstrated that the benefit of surgery may with 
discrimination be extended to less favorable cases. Stabilized contra- 
lateral lesions, and tuberculous and mixed empyemas are hazardous but 
not incompatible with success. No arbitrary age limit is maintained for 
rejection of elderly patients. Contralateral progressive lesions, extra- 
pulmonary foci, cardiovascular insufficiency, serious degenerative dis- 
eases remain obvious contraindications. Tracheobronchial tuberculosis 
has been an indication for caution but is not in itself a forbidding situa- 
tion. Since the free use of bronchoscopy, it has become apparent that 
many of the earlier cases must have had varying degrees of this com- 
plication. Observations in cases known to have bronchial disease have 
shown that they may go on to uncomplicated healing, and have en- 
couraged us to face with more equanimity the increased morbidity likely 
to result in a series of such eases if intractable ulcerative bronchial 
tubereulosis can be prevented in even a few. 

A trial of pneumothorax has been a classic prerequisite to thoraco- 
plasty. Based upon the principle that restoration to functional integrity 
after a reversible procedure is preferable to the permanent loss after an 
irreversible one, this custom has attained the status of a sacred tradition. 
Without being iconoclastic, we believe that surgical collapse without any 
initially attempted pneumothorax offers a better chance of healing with 
Jess risk in the case of old, fibrotic, well circumscribed, cavernous lesions. 
In such a case, pneumothorax is usually impossible, ineffective, and 
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hazardous if achieved, and incapable of restoring to function an ir- 
reparably damaged lung. It often leads to eventual thoracoplasty 
through the more difficult and perilous path of empyema. 

The conditions requiring surgery in these 241 cases were: Cavernous 
disease in 209 (86.8 per cent), pulmonary tuberculosis and tuberculous 
empyema in 11 (4.5 per cent), pulmonary tuberculosis and mixed 
empyema in 11 (4.5 per cent), fibrotic disease without demonstrable 
cavitation in 7 (2.9 per cent), and proved early bronchial disease in 3 
(1.3 per cent) (Table III). The classification ‘‘fibrotie disease’’ 
designates 7 young patients in whom persistent positive sputum, bad 
family history, or recurrent relapses were the reasons for operation. The 
presence of young children at home was an additional consideration in 
some instances. 

TABLE IIL 


CONDITIONS REQUIRING SURGERY 


CONDITION NO, OF CASES PER CENT 


Cavernous disease 209 86.8 
Pulmonary tuberculosis and tuberculous empy- 11 4.5 

ema 
Pulmonary tuberculosis and mixed empyema 11 4.5 
Dangerous fibrotic disease without demon- 7 2.9 

strable cavitation _ 
Early bronchial disease 3 1.8 


The patients were chosen for surgery after a period of treatment and 


observation varying from six months to two years. They were then 
transferred to the Massachusetts General Hospital in order to secure the 
advantages afforded by an experienced and surgically trained personnel. 
Thoracoplasty may be only an item on the therapeutic program of the 
tuberculous, but it is a tremendously important one. Preliminary sur- 
gical study and aftercare count as much as operative technique. <A 
primary asset is assumption of personal responsibility by the surgeon for 
the entire conduct of the case. This is possible only in a properly 
equipped surgical center where experienced assistants are in constant 
attendance and ean earry out instructions with precision and efficiency. 


ANESTHESIA 


The anesthetic agent is probably of less importance than the skill with 
which it is administered. The low toxicity of ether in combination with 
nitrous oxide and oxygen and its compatibility with a high degree of 
oxygenation, have led us to use this mixture almost exclusively during 
the past six years. It is given through a mask provided with a device 
for CO, absorption. An intratracheal catheter is used only for cases in 
which evacuation of a large quantity of secretions during the opera- 
tion is anticipated. The patient is placed in position for operation be- 
fore anesthesia is induced. Skillful induction technique prevents cough- 
ing and straining. A slight Trendelenburg position is maintained. The 
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operation is done in the afternoon after evacuation of the morning 
sputum. These precautions minimize the danger of spread. Preceding 
this period a variety of anesthetic combinations were tried. Since 
only 7 ipsilateral and 5 contralateral exacerbations (4.9 per cent) have 
occurred within two months from the time of operation, there has been 
little reason to incriminate the anesthesia. In 3 of these cases contra- 
lateral disease was present preoperatively. Nine cases remain in which 
anesthesia injury might be suspected. The latter are represented by a 
percentage of 3.7. 

OPERATIVE DETAILS 


Fine silk is used for suture material. Several muscles are anatomically 
reapposed. An average of three ribs are resected at the first stage and 
four at the second stage. Three weeks are usually allowed to elapse 
between stages. 

The rib beds have not been formalinized except in cases of empyema, 
but the posterior ends of the first, second, and third intercostal bundles 
and periosteal sheaths are sutured to the tissues around the fourth rib 
to maintain the apical collapse. The wound is not drained. 

The technique of the modern posterolateral operation has been al- 
most universally accepted as a standard in principle since 1934, usually 
with the addition of the Semb apicolysis, but its suecessful use in prac- 
tice requires constant adaptation to the pathologie pattern of the dis- 
ease. The extensive eleven-rib resections of former years have been 
abandoned, as a seven-rib selective thoracoplasty more effectively col- 
lapses apical disease but permits retention of basal function. Apicolysis, 
by allowing vertical as well as horizontal collapse, offers many patients 
an improved opportunity to close apical cavities with minimal deform- 
ity. If this is not done, the closure of a paravertebral cavity may neces- 
sitate radical resection of the transverse processes. As an adequate 
collapse is obtainable through the posterior incision, following apicolysis, 
the need for an anterolateral approach has almost disappeared. The 
number of revision operations required has also been greatly reduced 
as a result of these changes. In the case of an adherent apex with 
subjacent empyema, however, the theoretic advantage of apicolysis is 
outweighed by the hazard of infection or the impossibility of establish- 
ing tissue planes. 

RESULTS 


The results of thoracoplasties for this thirteen-year program as evalu- 
ated two years after completion are shown in Table IV. 
EMPYEMA 


The results obtained following operations for empyema heavily weight 
Table IV on the unfavorable side. (See Table V.) Fifteen of the 22 
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TaBLE IV** 


RESULTS OF THORACOPLASTIES, INCLUDING TUBERCULOUS EMPYEMA 
(2 to 15 Years) 


CONDITION NO. OF CASES PER CENT 


Apparently cured 144 59.8* 
Arrested 11 4.6* 
Apparently arrested 2 0.8* 
Quiescent 27 11.3 
Unimproved 10 4.1 
Worse 0.4 


Dead 
Tuberculosis 28 (11.6%) 
Empyema 7 (2.9%) 
Nontuberculous disease 3 (1.2%) 


Total dead 38 15.7 
Unknown 8 
Total 241 
Total well 65.2* 


**National Tuberculosis Association method of classification is used. 


TABLE V 
RESULTS IN TWENTY-TWo CONSECUTIVE CASES OF TUBERCULOUS AND MIXED EMPYEMA 


GROUP | GROUP Neal 
CONDITION GROUP I | GROUP II % 
Cured 2 4 5 1 12 54.6 
Improved 4.6 
Worse or unimproved 1 1 2 9.2 
Dead 0 3 3 7 31.8 
No. of cases 2 5 9 6 22 


Group I, Inactive pulmonary tuberculosis, pure tuberculous empyema. 
Group II, Inactive pulmonary tuberculosis, mixed tuberculous empyema. 
Group III, Active pulmonary tuberculosis, pure tuberculous empyema. 
Group IV, Active pulmonary tuberculosis, mixed tuberculous empyema. 


empyemas operated upon were complications in the course of pneumo- 
thorax, and 7 were unaccompanied by active pulmonary tuberculosis. 
Twelve are cured (54.5 per cent), 1 is improved (4.6 per cent), two are 
unimproved (9.2 per cent). Seven are dead, giving a mortality rate 
of 31.7 per cent or twice that of all thoracoplasties (15.7 per cent). 
Seven clean wounds became infected in the 22 cases (30.7 per cent) 
against 17 in the nonempyema group (7.7 per cent), a ratio of 4 to 1. 

If empyema could be prevented in the course of artificial pneumo- 
thorax, collapse therapy would yield better results in the next decade, 
and every effort should be made to reduce its incidence. Here is a well- 
designated field of endeavor. In a recent analysis of 476 pneumo- 
thoraces, Cutler! found an empyema incidence of 12.4 per cent in the 
mechanically effective, and of 31 per cent in the mechanically ineffective. 
The obvious conclusion is that thoracoplasty should be substituted 
promptly for ineffective pneumothorax. 


4Cutler, I. L.: Tuberculous Empyema, Am. Rev. Tuberc. 48: No. 2, 1941. 
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REASONS FOR FAILURE 


If the sputum remains positive for more than six months after op- 
eration, the source may be traced to inadequately closed cavities, new 
disease, bronchial ulcers, or persistent parenchymal disease on either 
the same or opposite side. In a large proportion of cases the sputum 
will turn negative later as a result of progressive healing. The fate of 
those patients whose sputum was positive six months after operation is 
by no means hopeless, judging from the present status of seventy-five 
cases in our series (Table VI). The decisive effect of improved therapeu- 
tie methods is clearly reflected in the comparative death rates before 
and after 1934. 

TABLE VI 


Fare oF CASES WITH POSITIVE SPUTUM PERSISTING SIX MONTHS AFTER OPERATION 


1927-1934 1935-1939 

% 
Negative 37.1 j 54.2 
Positive } 22.2 29.2 
Dead 40.7 16.6 


Total (75) 


Progression of disease caused persistence of positive sputum two 
years after operation in twenty-one patients (8.7 per cent), a bronchial 
uleer in one, and relapse following childbirth in one. 

Of the 241 cases, end results are known in all but eight. In the entire 
series there have been thirty-eight deaths (15.7 per cent) from all causes 
including empyema. Eleven (4.5 per cent) occurred postoperatively, 
that is, during a purely arbitrary period of two months after the final 
operation, 24 from tuberculosis not associated with the surgical pro- 
cedure and 3 from incidental disease (Table VIT). 


TABLE VII 
CAUSES OF DEATH 


: POST- 
OPERATIVE 
Wound infection 2 
Anoxemia and shock 0 
Progression of tuberculosis (all 22 
forms) 
Other reasons 3 
Heart disease 
Nephritis 
Cholecystitis 
Total 27 


POSTOPERATIVE COMPLICATIONS 


During the year 1934 and the early months of 1935 extrapleural 
apicolysis was added to the first stage thoracoplasty in a number of 
carefully chosen eases. In the fall of 1935, following a visit to the 


48 
f 
37 48 
‘ 
TOTAL 
NO. % 
7 18.4 
we 4 10.5 
24 63.2 
3 7.9 
38 
the 


ADAMS AND DUFAULT: SURGERY IN PULMONARY TUBERCULOSIS 49 


¢elinie of Dr. Carl Semb in Oslo, Dr. Churchill introduced the extra- 
fascial apicolysis of Semb as an almost routine procedure. Since 
the autumn of 1935 extrafascial apicolysis has been performed in over 
90 per cent of all our thoracoplasties exclusive of those for tuberculous 
empyema. The relationship of postoperative complications with this 
procedure, to those after operation without apicolysis, is shown in Table 
VIII. 


TABLE VIII 


POSTOPERATIVE COMPLICATIONS WITH AND WITHOUT APICOLYSIS* 


NO 

EMPYEMA aptconysis | 4PICOLYSIS TOTAL 

NO. % NO. % NO. % NO. % 
No. of cases 22 82 137 241 |100.0 
Shock 3 4 3 2 6 2.4 
Anoxemia 2 9 6 7 14] 10 22 9.0 
Pneumonia 1 7 3 2 4 1.6 
Torn pleura 1 1 2 1 3 1.2 
Postoperative atelectasis 1 5 2 2 9 7 12 5.0 
Wound infection a 32 5 6 12 9 24 9.9 

Total 10 46 18 PA | 43 | 31 


*Note that this table, as all other data in this article, is computed on the basis 
of cases and not on the basis of operations, i.e., stages. 


Meticulous silk technique, careful hemostasis, and immediate postop- 
erative administration of parenteral fluids have reduced shock to a 
rarity. Transfusion has been used preoperatively and postoperatively 
in but 7 per cent of all cases since 1927. The incidence of anoxemia 
is only slightly higher in the apicolysis group. Pneumonia and accidents 
require no comment, but postoperative atelectasis and wound infections 
are frequent enough to be matters of concern. 

Postoperative atelectasis (outside that in the upper lobe) has occurred 
once in 40 eases when no apicolysis was done, and once in 15 eases fol- 
lowing apicolysis. Since the total number of cases in each group is 
large enough to yield statistically significant results, it appears that this 
complication may be more frequent with apicolysis than without it. The 
data are uncorrected for the factor of preceding phrenic nerve paralyses, 
common until 1937, and are also open to question because of unreliability 
of diagnosis of this complication before 1933. The figures for wound 
infection require closer scrutiny. The technique, operating rooms, 
nurses, teams and equipment have been identical in both groups, and 
the maneuver of stripping the endothoracie fascia may expose to ad- 
ditional injury infected lymph channels and lymph nodes present in 
the vicinity of the diseased pleura. Many random samples of such 
nodes have been submitted to bacteriologic examination, without recov- 
ery of pyogenic organisms. The time element may play a part; the 
apicolysis adding an average of twenty minutes to the operation. 

In. evaluating apicolysis, one naturally looks also at the sputum: con- 
version rate. A comparison of the two periods, 1927 to 1934, and 1935 
to 1939, that is, before and after the adoption of apicolysis, reveals 
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that under this procedure the rate of sputum conversion is 16 per cent 
greater in the first six months following operation and 25 per cent 
greater in the first three months. Some of this gain must be attributed 
to apicolysis, some to the longer segments of ribs removed as compared 
with the very early years covered by this study. In spite of the com- 
plications to which it may give rise, for which we have little evidence, 
the procedure remains theoretically and practically sound. 


DISCUSSION 


A broad retrospective view of the whole field of collapse therapy 
shows the evolution of opinion concerning the choice and value of 
various methods, as illustrated in Fig. 1. 


70% e----@ Total Pneumothorax 
Thoracoplasty 
Extrapleural Pneumothorax - 
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The procedures which have stood the test of time are intrapleural 
pneumothorax with intrapleural pneumolysis as its necessary comple- 
ment whenever indicated, and extrapleural thoracoplasty. Intercostal 
neurectomy, scalenotomy, paraffin plombage, and extrapleural pneumo- 
thorax are maintained in the reserve armamentarium. There has never 
been any grouping of operations into forbidden and accepted cate- 
gories in this clinic. Fifteen years passed, for instance, before a case 
considered suitable for plombage was encountered, so it is only five 
months ago that initial use was made of a paraffin pack, with apparent 
early success. Operations on the phrenic nerve have waxed and waned 
with the years, and since 1938 only one patient has been thought likely 
to benefit from phrenic paralysis. The number of pneumothoraces in- 
duced rose steadily after 1927 and has remained fairly constant for the 
past eight years, temporary slumps being compensated for by rises in 
the number of thoracoplasties. Extrapleural .pneumothorax appeared 
in 1938 and disappeared in 1939. Four of the 19 patients to whom it 
was applied are dead, 8 are still in the Sanatorium, and 7 are well and 
working. . Since the 19 patients submitted to this operation had advanced 
disease and many had bilateral cavities, these results more than justify 
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the expectations. No numerically extended experience was required, 
however, to demonstrate that this ‘‘safe, effective, reversible operation’’ 
in theory, is dangerous, often ineffective, and usually irreversible in fact. 
It should be reserved for the occasional patient desperately in need of 
an immediate collapse which cannot be secured otherwise. The possible 
palliation expected is to be balanced against the risks of infection and 
perforation. Whenever possible, thoracoplasty is by far preferable. 


After a timid beginning with 2 cases in 1927 and 2 in 1928, thoraco- 
plasty has been performed with gradually increasing frequeney (Fig. 1). 
The reduction in all procedures for the past two years is caused only 
by a lack of suitable cases. The patients classified on admission as ad- 
vanced were not, proportionately, more numerous than in previous years, 
yet they were obviously nearer the terminal phase, judging by the death 
rates, which have passed from 17.7 per cent in 1937 to 22.3 per cent, 
24.9 per cent, and 22 per cent for 1938, 1939 and 1940, respectively. 


GENERAL CONSIDERATIONS ON COLLAPSE THERAPY 


The advent of active treatment in pulmonary tuberculosis opened 
wider vistas to the sanatorium physicians, aroused new hope for the 
tuberculous, and furthered the progress of public health. 

The linking of sanatoria to surgical centers has proved greatly bene- 
ficial to both. Chest surgery added considerable impetus to the move- 
ment that pneumothorax therapy had initiated. 


For those who remember the presurgical era, there is one especially 
striking change in the patients’ attitude. They have become ‘‘negative- 
sputum minded.’’ While these patients are often of foreign extraction, 
they are drawn mainly from the relatively stable industrial population 
of Massachusetts. Although classified in the lower economic levels, their 
spirit of cooperation is excellent. Refusal to follow recommendations 
is so exceptional as to be practically non-existent. They are not only 
willing to follow patiently the long course of sanatorium routine but are 
eager to embark upon a surgical program the moment it is deemed 
advisable. 

Active treatment has decreased the number of sputum-positive pa- 
tients leaving the Sanatorium each year, as illustrated in Fig. 2. The 
broken lines represent the probable proportions of positive and negative 
cases, had cultures been done from the beginning, instead of smears. 
The arrows at both ends of the graph depict the proportional ascension 
of the patients toward health as measured by the absence of bacilli in 
their sputum, from 1927 to 1940. If the numerals are assumed to be 
stairs leading the tuberculous from the positive to the negative sputum 
status, 50 out of every 100 patients ascended the stairs in 1940 against 
20 in 1927. Stated differently, 81 per cent were negative on discharge 
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in 1940 against 37 per cent in 1927. The difference is a net gain for pre- 
ventive medicine. These gratifying results have been produced in part 
by pneumothorax, in part by thoracoplasty. The latter reaches a smaller 
but more resistant group of chronie cases who were formerly a menace 
to public health. While more limited, the field of thoracoplasty is 
almost as fertile as that of pneumothorax. 
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The decisive effect of active therapy on sputum conversion is vividly 
illustrated in Fig. 3 where oscillations in the curve of combined collapse 
therapy methods are accompanied by similar fluctuations in the line rep- 
resenting the percentage of cases negative on discharge. 
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SUMMARY 


A thirteen-year period of surgical therapy for pulmonary tuberculosis 
at one sanatorium is reviewed and the statistical results are reported. 
The material embraces 241 patients treated by thoracoplasty and 19 
treated by extrapleural pneumothorax. 


The important factors which have raised the rate of sputum conver- 
sion to 81 per cent in all sanatorium patients and 65.2 per cent following 
thoracoplasty, and given an all-inclusive death rate of 15.7 per cent are 
analyzed. The discussion includes preoperative preparation, the use of 
ether as the anesthetic agent, the type and technique of operation, the 
influence of apicolysis upon percentage and speed of conversion, post- 
operative care and complications, the reasons for failure and the causes 
of death in 260 consecutive cases. 


(See discussion on page 103.) 
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THORACOPLASTY FOR TUBERCULOSIS 


Late RESULTS 


GrorGE SkInNER, M.D. (By INVITATION), LACHLAN MACPHERSON, M.D., 
AND IRENE ALLEN, M.D. 
Joun, New Brunswick 


N THE numerous recent reports on cases of pulmonary tuberculosis 

treated by thoracoplasty there are very few analyses of the earlier 
eases of five, ten, and fifteen years ago. Most recent papers have re- 
ported early results following new procedures. Probably many clinics 
could give recent statistics on their old eases, but there are very few 
reported in the literature since the publication of Hedblom and Van 
Hazel! in 1934. 

Undoubtedly the evolutionary trend of the past ten years toward a 
more complete, selective collapse has resulted in a vast improvement; 
but, if we think only of these recent results and underestimate the 
work done by the more or less standardized Sauerbruch operation, we 
may lose a sense of balance. 

The following report is based on 226 cases, operated upon between 
1924 (when only a few hundred eases had been treated on this con- 
tinent) and the end of 1940. These were all operated upon in one 
sanatorium, and they comprise practically all of the cases from New 
Brunswick, the cases from the other two sanatoriums of the province hav- 
ing been brought to the Saint John Tuberculosis Hospital for surgery. 
With the exception of the first twenty-five patients, all were selected and 
operated upon by the same staff. Consequently, there is a definite uni- 
formity throughout, changes being made only in following changing 
trends. We have never intentionally operated upon early acute exudative 
lesions, but otherwise we have not been unusually conservative, as com- 
parative Dominion statistics show. 


LATE RESULTS 


Relatively few were operated upon in the early years, and the first 
100 cases were finished in 1935. These were reported a year later,? and 
this group is here reviewed again following another check up five years 
later. 

Table I shows the results in the earliest twenty-one cases, which now 
average over fifteen years since operation. Our recent review of these 
eases showed definitely that they were not a select group. In fact, many 
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of the earliest cases seemed to be selected as last resorts. Of the sur- 
vivors, more than half are good chronic patients or class A risks,* but 
we have never made this a narrow classification—fair general condition 
and retraction, with no recent activity on the opposite side, but- not 
limiting the size of the cavity. Two of the twelve did have later revision 
operations. All twelve living patients are now leading normal lives 
with no consideration for their earlier disease. 


TABLE I 


THORACOPLASTIES 
(21 Cases, 1924-1928) 


DEATHS 
APPAR- 
UNSATIS- LATE 
- 
PATIENTS IMPROVED | — NONTUBER- 
CULOUS 
NO. 12 0 0 2 5 , 
% 57 95 24 9.5 
43% 


Class of operative risks, apparently cured group: Good chronic cases, A, 7; slipping 
cases, B, 3; poor risks, C, 2. 


Two revisions are included. 
Cured cases were all far advanced. 


TABLE II 


SAUERBRUCH THORACOPLASTIES 
(50 Cases, First Series, 1924-1932) 


— IM UNSATIS 
YEAR OF ENTLY j Wana LATE LATE NON- 
REVIEW CURED TUBERCU- | TUBERCU- 
(%) Lous (%) | Lous (%) 


1933 38 28 12 12 4 6 
1936 54 4 14 12 10 6 
1938 48 8 12 12 10 10 
1941 48 10 4 12 16 10 


Of the twenty-four apparently cured, all but two were far advanced; two were 
moderately advanced. 


Class of operative risk: A, 15; B, 6; C, 3. 

Apparently cured—closed cavities, negative sputum, working. 
Improved—negative sputum, chest usually healed. 

Unsatisfactory—all positive sputum cases regardless of general status. 


The 226 cases naturally fall into three series. 

Table II shows the results of repeated analysis, two or three years 
apart, of the first fifty cases averaging well over ten years since op- 
eration and all operated upon more than 8.5 years ago. These were 
all operated upon by the more or less standardized Sauerbruch thoraco- 
plasty of that, period; only small segments of eleven ribs, including not 
more than 1 inch of the first, were removed. Many cases were pre- 
ceded by a phrenic nerve paralysis, and most patients were operated 
upon in two stages, beginning with the lower ribs. 

For later comparisons the results are tabulated as percentages. 
We have used the simpler classification, for with the older cases, ap- 
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parently arrested and quiescent, are more or less meaningless. Improved 
cases must have negative sputum and no x-ray evidence of open cavities. 
The unsatisfactory group includes all positive sputum cases, regardless 
of how much clinical improvement there may be. 

During the past five years there have been three deaths from the 
apparently cured group. However, two were nontuberculous, and the 
third was a reactivation of pulmonary tuberculosis in an originally 
very poor risk, nine years after operation. Of the five cases still in 
the improved group in 1941, one has severe hypertension; one con- 
stantly complains of gastrointestinal symptoms, nontuberculous; one, 
after eight years of normal life, is in hospital with intestinal tubereu- 
losis; and two had flares in the opposite side vears after the operation 
but have now recovered. 

Considering the nontuberculous deaths and the type of cases in the 
improved group, we can therefore say that the number of good results 
is still well over 50 per cent in the patients operated upon prior to 1932. 
This figure is probably about what many would expect for that period, 
but, recently at least two writers* > have suggested that not more than 
20 per cent of their cases operated upon before 1930 had been satis- 
factory. 

The second series of fifty cases was started in 1933, after the pub- 
lication of Alexander’s paper® describing the technique for the removal 
of the whole upper ribs. All of this group of cases had the full length 
of the upper two ribs removed and a much more radical removal of the 
middle ribs. That is, this second series was operated on during the 
period in which the trend was away from the more conservative pro- 
cedures of the Sauerbruch type, back to the more radical resections of 
the Brauer-Friedrich type, but carried out in multiple stages.’ 

Table III shows comparative reviews of these cases at different 
periods. At a glance one sees in the second and third lines a definite 
deterioration in results between the third and fifth years after com- 
pletion of the series. The six cases eliminated from the apparently 
cured group are accounted for by four developing active disease in the 
other lung more than three years after operation; one of these has had 
a thoracoplasty on the other side and is now doing well. The fifth is 
an elderly man operated on at 67 years, only because he gave his age as 
under 60. He had such a hard ealeified pleura about the apex that ade- 
quate collapse was impossible. For the past six years he has done well 
but at times has had positive sputum, the last two specimens being 
negative, however. The sixth of this group was the only one not traced. 

The two in the improved group are the one just mentioned as having 
had a recent thoracoplasty on the opposite side and a girl with a chest 
healed for six years but who more recently had a tuberculous appendix 
removed and later still a tuberculous kidney removed. She is working 
at times but still tires easily. 
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The unsatisfactory group of five includes the above-mentioned elderly 
man operated on at the age of 67 and a girl living a normal life but 
with positive sputum at times. 


TABLE III 
(50 Cases, Second Series, 1933-1935) 


YEAR IM UNSATIS 
OF ENTLY | provep | FacToRY | EARLY 
review | CURED (%) (%) (%) TUBERCU- | TUBERCU- | TRACED 
(%) LOUS (%)|LouS (%)} (%) 
1936 34 42 16 d 3 2 0 
1938 72 4 12 + 6 2 0 
1941 60 4 10 4 18 2 2 


This series followed Alexander’s publication in 1932 of a technique for removing 
whole upper ribs. 


All six late tuberculous deaths since 1938 have come from the original 
unsatisfactory group, except one, an improved ease in the 1938 analysis 
who had a late lighting up of infection in a residual oil pocket remain- 
ing after thoracoplasty. The complete elimination of oil pockets before, 
during, or after thoracoplasty we have found a most difficult problem.’® 

The one late nontuberculous death was due to cancer of the cervix in 
an excellent case. 


With these considerations we can conservatively claim more than 
65 per cent satisfactory results in the second series more than five years 
after completion of the series. This is an improvement of 10 to 15 
per cent over the first series. Since the elapsed time is different, the 
figures may not seem comparable, but we have already shown the 
statistics of the first series to be practically stationary during the last 
five years. 


The analysis (Table IV) of 100 cases, all those previously discussed, 
from five to seventeen years after completion, is disappointing com- 
pared with the figures of five years ago; there are sixty-one good cases 
instead of sixty-nine, and only sixty-eight alive out of eighty-two five 
years ago. With an accumulation of deaths about the fourth and fifth 
years postoperative, one would expect inadequate surgery. But an 
analysis of the thirteen dying during the last five years shows that 
inadequate surgery does not account for all. 

One patient died of tuberculosis of the adrenals (Addison’s disease) 
fifteen years after obliteration of a tuberculous empyema; another with 
empyema died thirteen years after thoracoplasty of progressive disease. 
A third patient died of empyema five years after thoracoplasty, due 
to infection in a residual oil pocket. Another developed tuberculous hip 
after operation. This leaves only seven of these late deaths in un- 
complicated pulmonary cases, and not one of these seven could be classed 
as a good chronic case; four were poor risks or class C eases, and the other 
three were slipping or class B cases. We can therefore say that less than 
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10 per cent of the patients alive five years ago have died of uncomplicated, 
progressive, pulmonary tuberculosis. There have been no late tuberculous 
deaths among the good chronic eases. 


PATIENTS OPERATED UPON DURING THE LAST FIVE YEARS 


Only a preliminary report can be given on the 126 patients operated 
upon since 1936. But a review of deaths and complications and a com- 
parison with the earlier results of the other series give some interesting 
facts. 

Although this late group includes ninety cases of thoracoplasty com- 
bined with an apicolysis,® 1° the immediate operation mortality rate is 
lower than previously. Of the four late deaths, two were nontubercu- 
lous. Both late tuberculous deaths were in class C eases. 


The four early deaths are worth reviewing since all now seem preventable and 
due to errors of judgment. The first patient died of paradoxical breathing in 
1936. Later reconsidering this case, we realized that in resecting four ribs at 
the second stage, as much rib—40 inches—had been removed as in a total thoraco- 
plasty in the earlier years. This patient’s respiratory imbalance was further com- 
plicated by a former contralateral phrenic paralysis. Since this death, except in 
the routine three-rib first stage, we do not remove more than two and one-half ribs, 
unless possibly a very small segment of the seventh will finish the case by per- 
mitting the scapula to fall in. 

The second early death is the only one directly attributable to an apicolysis. 
An extensive stripping was done to below the fourth rib. Seven days after opera- 
tion a swelling was noted at the upper end of the wound and in the neck. The 
following day sutures were removed, and the upper end of the incision was probed 
in order to empty a small superficial pocket of pus. Twenty-four hours later the 
patient suddenly became worse and died. Autopsy revealed a rupture of a large 
pocket of infected serum into the unobliterated pleural space at the base. In this 
case also there had been a contralateral pneumothorax and oleothorax, both abandoned 
months before operation. A large residual oil pocket was revealed at autopsy. The 
swelling in the neck should have been sufficient warning of excessive pressure, but we 
were misled by opening into a superficial infection which did not communicate with 
the deep collection of infected serum. Adequate drainage, as soon as excess 
pressure or infection was suspected, would have prevented such a fatal accident. 

The third death was in a patient with simple tuberculous empyema; because of 
a high diaphragm, which was the result of an old phrenic avulsion, we foolishly 
thought we had closed the empyema by resecting only eight ribs. Failure to obliter- 
ate the empyema cavity necessitated four months later a revision, from which he 
died on the seventeenth postoperative day of cardiorespiratory failure complicated 
by wound infection. While the immediate cause of death was obscure, the real 
cause of death was the error in thinking that an empyema could be closed by an 
eight-rib thoracoplasty. This error in judgment changed him from the simple 
category to the less favorable revision class. 

The fourth early death was caused by an empyema, with bronchial fistula but 
nontoxic. We had decided to do a preliminary thoracotomy. However, since there 
was no cough when the patient lay on his good side after complete aspiration of 
the pleural fluid, an upper stage thoracoplasty was done. Four days later the pa- 
tient died of contralateral pneumonia. This patient might have been saved with 
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local or spinal anesthesia, or with bronchoscopic drainage immediately after opera- 
tion. But for the present at least, we still believe that all such cases should have 
drainage first, in spite of the well-known hazards of such a procedure. 


TABLE VI 


APICOLYSIS CASES ANALYZED 
(Third Series) 


DEATHS 
APPAR- LATE 
UNSATIS- LATE 
NO. OF | ENTLY | IMPROVED] NON- 
(%) | PACTORY | EARLY | TUBERCU-| 
(%) (%) LOUS 
(%) (%) LOUS 
(%) 
All eases 126 80.15 13.5 3.17 1.6 1.6 
Apicolysis 90 82.2 14.4 2.2 1.1 
cases 


Table VI separates the cases on which an apicolysis was done. The 
statistics for the apicolysis cases are not greatly different from the 
whole series, but the difference is in favor of the apicolysis cases. Only 
a few patients were operated upon with this procedure in 1936, but 
since the beginning of the use of this procedure in 1937 only a few have 
not been treated this way. Those left out were not the bad risks, but 
rather those -with the least disease and those with smaller peripheral 
cavities, as well as a few in whom the pleura was so thickened that ad- 
hesions prevented an adequate freeing of the apex. 


TABLE VIL 


(50 Cases, Consecutive and More Than Two Years) 


DEATHS 
APPAR- LATE 
UNSATIS- LATE 
YEARS NO. OF | ENTLY |(MPROVED! pactory | EARLY |TvBERcU-|_ NON 
CASES CURED (%) 2 TUBERCU- 
(%) (%) (%) (%) LOUS 
1937 to 1939 50 72 8 12 4 4 0 
Total 80% 


Forty-two patients had apicolysis. 


Table VII shows fifty consecutive cases from Table VI, selected for 
comparative purposes, because these were all operated upon more than 
two years ago. 

Table IX compares the results of the three periods two years after 
operation. There is no great difference between the figures of the last 
two series, but the difference is in favor of the group with an apicolysis 
in 75 per cent of the cases. 

Table IX shows no spectacular difference in the early results of the 
three series, and yet the third series does show some improvement in all 
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figures. In spite of the apicolysis, not only is the early operative 
mortality rate less, but there is also a decrease in postoperative atelec- 
tasis and flares. 

TABLE VIII 


THREE SERIES COMPARED TWo YEARS AFTER COMPLETION OF THE SERIES 


DEATHS 


LATE 


UNSATIS- LATE NON- 


%) FACTORY | EARLY |TUBERCU-|, 
E (%) (%) LOUS LOoUS 


(%) 


1924 to 1982 4 14 12 10 6 
1933 to 1935 4 12 4 6 2 
1937 to 1939 8 12 4 4 0 


There were forty-two patients with apicolysis in third series. 


TABLE IX 


THREE SERIES COMPARED DURING IMMEDIATE FOLLOWING YEARS 


DEATHS 


APPAR- LATE 


UNSATIS- LATE 
DATE OF OP- ENTLY |IMPROVED NON- 
FACTORY TUBERCU- | 


ERATION 
(%) — LOUS 


(%) (%) 


1924 to 1932 36 12.0 d ! 6.0 
1933 to 1935 16.0 - A 2.0 
1936 to 1940 13.5 . : 1.6 


In favor of the last group of patients we must stress the fact that 
there were 25 per cent fewer ribs removed than in the second series. 
This trend toward removing fewer ribs has been further augmented 
during the last year by Leahy’s™ suggestion of inserting the scapula 
inside the sixth rib. Several apical cases, on which we would previously 
have removed seven ribs, have had only five ribs removed with an 
apicolysis, and the scapula placed inside the sixth rib. This tendency 
toward a selective collapse may be carried too far, but with equally good 
results the appearance of the chest does count as well as saving of vital 
capacity. 

The disadvantage in the apicolysis procedure is the dropping of the 
apical cavities to a less collapsible position in the hilus. This is probably 
a real danger if an extreme relaxation is done routinely, but this danger 
would seem to be eliminated if the pneumolysis is mostly in the region 
of the anterior mediastinum and the paravertebral gutter, leaving the 
lung attached at the very apex or allowing the apex to drop only a few 
inches. At first we did a more radical freeing of the apex, but at present 
we do the modified relaxation as suggested by Hudson’? and others. 
Relaxation in all directions, rather than extreme dropping of the apex, 
is our aim. 
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DISCUSSION 


In this comparison of three series of cases operated upon during 
the past seventeen years, a progressive improvement is shown, but 
it would seem that a final judgment can be given only after the fifth 
year. Gravesen’ has classified his results by checking the individual 
patients five years after discharge from the sanatorium. 


In our first group the thoracoplasty was preceded by a phrenicectomy 
in a large number of cases. This practice was not only discontinued in 
the second series, but any interference with the action of the diaphragm 
was carefully avoided in all prospective thoracoplasties. 

Additional anterior rib resections were most common in the second 
series and were less frequently done in the last group of patients. Large 
portions of the transverse processes were removed most frequently in 
the earlier cases of the third series; whereas more recently frequently 
we have removed only the rib from the front of the distal portion of 
the process or avulsed the whole of the posterior part of the rib. 

None of these patients were operated on by the muscle splitting pro- 
cedures as suggested by Wangensteen,’* Head,!° Butler,!® and Fino- 
chietto,!’ nor has the Monaldi aspiration’® of cavities been used. 

Of the last 126 patients, 101 had positive sputum just prior to opera- 
tion. Eighty-eight of these were converted, on repeated tests before 
leaving hospital four to eight months later. This figure, however, does 
not seem important to us because within another few months others 
have become sputum negative, while a few of the immediate conversions 
have again shown tubercle bacilli. 


CONCLUSION 


With the low mortality rate to date, with a definite reduction in com- 
plications, especially postoperative flares, and with a collapse obtained 
approaching the ideal of that afforded by a good pneumothorax, we 
can reasonably hope for a substantial relative improvement in the third 
series when the fifth year is reached. 


SUMMARY 


The first series of patients, averaging well over ten years since op- 
eration, has been practically unchanged for some years with about 50 
per cent good results. 

The second series, operated upon between five and eight years ago, 
shows about 65 per cent good results, but there was a definite deteriora- 
tion in the figures toward the fifth year. 

A third series of 126 recent cases, which included ninety cases of 
thoracoplasty with apicolysis, had a mortality rate of 3.17 per cent 
during the first two months and a total death rate to date of 6.35 per 
cent. 
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ANALYSIS OF 100 CONSECUTIVE CASES OF 
THORACOPLASTY WITH NO OPERATIVE 
MORTALITY 


Ricwarp H. Dierrensacu, M.D., Newark, N. J., AND 
AntTHONY D. Crecca, M.D. (By INVITATION), VERONA, N. J. 


E WISH to present an analysis of 100 consecutive cases of 

thoracoplasty with no operative mortality and to bring out certain 
points of general interest which we have learned from these cases. This 
group of 100 cases represents a series operated upon during the period 
1936-1938, and the patients to date have been followed from three to 
five years, thus affording an opportunity to study the lasting effect of 
thoracoplasty collapse therapy. We wish also to point out here that 
thoracoplasty may be performed with very low mortality, that the per- 
centage of cures is high, and, most important, that these arrested cases 
can maintain their arrested status for several years. This last fact 
with similar reports by others,!-?° will answer the criticism made by some 
that the result of treatment of cavernous pulmonary tuberculosis by 
thoracoplasty does not maintain an arrested status over a long period 
of time. 

The pathology represented in most of these patients was predom- 
inantly bilateral, and this is explained by the fact that 90 per cent of the 
eases admitted to our institution are moderately or far. advanced. 

In spite of this bilateral nature, collapse therapy was not withheld 
from any patient so long as one side could be controlled by pneumo- 
thorax, and a thoracoplasty performed on the other, or if the possibility 
of any bilateral, selective collapse could be considered. 

In eighty-two of the patients the disease was bilateral. Thirty-eight 
had a contralateral caseous pneumonic lesion. Fourteen had a contra- 
lateral exudative productive lesion and thirty had productive changes 
visible on x-ray in the contralateral lung. In forty-one of the patients, 
a contralateral pneumothorax was established to control the pathology, 
and fifteen of these pneumothorax cases were supplemented by closed 
pneumonolysis in order to secure control of the diseased area with 
selective collapse and a maximum amount of restored vital capacity to 
that particular lung. In the remaining cases with exudative pro- 
ductive or proliferative changes on the contralateral side we did not 
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feel that the pathology was serious enough to contraindicate contra- 
lateral thoracoplasty, especially since we know that these lesions often 
go on to healing when the more extensive pathology is controlled. In 
most eases the thoracoplasty side had also been through numerous 
changes principally because of therapeutic endeavors. In all of the 
eases bed rest and pneumothorax therapy had been tried and main- 
tained for varying periods of time. In this group of cases are repre- 
sented many patients who had been hospitalized from one to nineteen 
years because of their positive sputum and disease. The usual con- 
servative measures of bed rest, phrenic nerve interruption, and pneu- 
mothorax had been used without success. Table I summarizes the re- 
sults as related to pathology. 


TABLE I 


SPUTUM 
NO. OF | SPUTUM 
PATHOLOGY .| DIED STILL 
PATIENTS | NEGATIVE comers 
Contralateral caseous pneumonic lesion 38 21 7 10 
Contralateral exudative producing lesion 14 10 2 2 
Contralateral proliferative lesion 30 23 1 6 
Previous pleural effusion 31 22 5 4 


In fifty-seven, a previous pneumothorax had been established, but with 
no success in closing the tuberculous eavities. In thirty-one of these 
there had appeared an effusion following this form of therapy and this, 
as .Coryllos'! has shown, causes a loss of pulmonary resiliency and 
seriously affects the good results possible with thoracoplasty. In twenty- 
nine cases a previous phrenic nerve operation had been performed with- 
out effect on the positive sputum, but in some instances considerable 
improvement in the caseous pneumonie lesion resulted, and thus im- 
proved the patient as a surgical risk. On the other hand, in many in- 
stanees the postoperative course was hampered by the presence of hemi- 
diaphragmatic paralysis. 

TABLE II 


THORACOPLASTY RESULTS 


NO. OF SPUTUM 

PATIENTS NEGATIVE 
Contralateral pneumothorax 41 23 5 13 
Previous pneumothorax 57 40 8 9 
No previous pneumothorax 31 27 1 8 
Second operation or revision 22 14 1 7 


In eight of the cases the presence of tuberculous empyema was the 
reason for thoracoplasty. The thoracoplasty was then to be followed by 
a Schede operation. In this group seven of the patients had empyema 
necessitatis. All eight had bronchopleural fistula. In three of the cases 
the patients represented standovers from the old Sauerbruech thora- 
coplasty, and a complete secondary operation had to be performed in 
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each case. Table II summarizes the results in relation to concurrent 
and previous collapse therapy. 

In the fall of 1936, when this work was first undertaken, the patients’ 
morale with regard to thoracoplasty procedures was very low, and it 
was difficult to convince them to accept this form of treatment. This 
attitude was principally due to the fact that they had seen the results 
of the old Sauerbruch thoracoplasty and were, therefore, very much 
discouraged since the results from this procedure were poor and the 
mortality high. In the fall of 1936, we brought to this institution the 
Semb’”? extrafascial apicolysis performed in conjunction with the newer 
subperiosteal rib resection. This procedure was first introduced to one 
(A. D.C.) of us while serving under Coryllos at Sea View Hospital. With 
the introduction to this newer form of thoracoplasty, the results immedi- 
ately began to improve, and the patients’ confidence was easily established. 
With this boost in the patients’ morale, many of the inadequate pneu- 
mothoraces that had been maintained because patients refused thoraco- 
plasty were now abandoned and with consent of the patients, a tho- 
racoplasty substituted. Thus, indirectly a marked improvement was 
brought about in the pneumothorax clinic. 

We feel that we should spend some time in considering the surgical 
procedure, the type of anesthesia, and the pre- and postoperative care 


used in this group. In 1936, the collapse therapy program was placed 
entirely in the hands of the resident surgeon. It became his duty to per- 
form all pneumothoraces and the closed pneumonolyses and together 
with the visiting thoracic surgeon to perform all the thoracoplasties 
and to manage their pre- and postoperative care. 


In this way the pneumothorax patients who developed an inadequate 
collapse were immediately presented at a surgical conference and the 
supplementary procedures recommended. Thus, if a closed pneu- 
monolysis was necessary, this was immediately performed, and, when 
adhesions were found too large to be severed or if they were found to 
contain lung tissue, the lung was permitted to re-expand and the patient 
recommended for thoracoplasty. In this way little time was lost, the 
general condition of the patient was well understood by the staff, es- 
pecially the surgical service, and the selection for surgery was well 
timed. 


Preoperatively wherever possible, the lung on the thoracoplasty side was ecom- 
pletely expanded and any air or fluid removed. Patients were instructed to perform 
postural drainage on the morning of operation and their lung emptied of all 
excretions. They were then given 0.01 grain of atropine and 1% grain of pantopon 
before operation and brought up to the operating room where they were placed on a 
table and completely draped. This was possible since the anesthesia used was an 
intravenous injection of evipal, which simulates natural sleep. The evipal was 
preceded by an ampule of ephedrine subcutaneously to counteract the effect of the 
drop in blood pressure. The evipal was supplemented by nitrous oxide-oxygen in- 
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halation. Evipal induction allowed a larger percentage of oxygen to be administered 
together with the nitrous oxide and thus prevented anoxemia. In a few cases, 
especially chronic alcoholics, ether-oxygen inhalation was used to replace nitrous 
oxide-oxygen. This also allowed a high percentage of oxygen to be maintained 
throughout the operation. In those patients who were poor risks, because of excessive 
amounts of sputum or extremely low vital capacity and poor health, local infiltration 
and block anesthesia were used. The infiltration anesthesia consisted of 0.5 per cent 
novocain which ranged in amounts up to 15 ounces. The block anesthesia was used 
directly on the intercostal nerves after the ribs had been exposed, and here 2 c.c. of 
2 per cent novocain was usually sufficient. No reactions were ever noted from the 
large doses of novocain. Any untoward effects were probably combated by the use 
of sodium amytal prior to and after the operation as suggested by Rovenstine.13 
Intratracheal catheters were found unnecessary because of the use of local anesthesia 
in this group of patients. 

The operative procedure used in nearly all of the cases was the Semb12 procedure 
with the resection of the first three or three and one-half ribs in the first stage. 
In the second stage the next three or three and one-half ribs were resected. A 
third stage was seldom necessary because of the predominantly upper lobe character 
of the lesion, but when performed usually the next three ribs were resected. The time 
between stages varied according to the condition of the patient, but averaged 
three or four weeks. In one instance it amounted to eleven months. We have ob- 
served that the longer the periods between stages the greater is the re-expansion of 
the lung as the exudate in the wound absorbs. Others have been confronted by the 
same problem and measures have been suggested to delay bone regeneration, by the 
use of chemicals such as formalin, by Head14 and Van Allen.15 This, while helpful, 


does not retard the re-expansion as much as plombage. Head16 employed a paraffin 
pack before thoracoplasty and Aycock, Brantigan, and Welch1? used air refills after- 
ward. 


Baum!8 suggested a substance, Hydrosteroline, a hydrogenated cotton or soybean 
oil, put out by Proctor & Gamble, as an agent which might be suitable for our 
purpose. We have found this to make a very satisfactory pack, nonirritating, pre- 
venting re-expansion and thus allowing ample time between stages. This hydro- 
steroline plombage also prevents marked paradoxical respiration, helps to control 
intrawound bleeding, increases the amount of collapse maintained following the 
first stage; and thus in many cases produces and maintains negative sputum im- 
mediately following the one operation. However, this does not always remove the 
necessity for the second stage since the plombage must eventually be removed. The 
plombage, we feel, markedly improves the postoperative course of the patient. 

Fig. 1 shows a case of caseous pneumonic lesion of the right upper lobe. Figs. 
2 and 8 are postero-anterior and lateral views of the same case following an upper 
three-rib thoracoplasty with plombage. These demonstrate the additional collapse 
gained and maintained by plombage. 

Fig. 4 shows a four-rib thoracoplasty on the right and a three rib on the left. 
Both are decollated; there is no plombage. Cavities reopened on the right. Fig. 5 
shows the same case with cavities open on both sides although an additional rib was 
resected on the left side. Sputum is positive. These show how lung will re-expand 
as exudate in extrapleural space is absorbed. Plombage, we believe, prevents this. 

Fig. 6 shows a bilateral apical lesion before operation, and Fig. 7 shows the same 
ease after bilateral upper three-rib thoracoplasty with plombage. It is of interest 
to note that on the left side the plombage had been removed four months prior 
to the taking of the film, and the collapse is still maintained at the level of the 
seventh rib. 
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Fig. 2——The same case as in Fig. 1, after an upper three-rib thoracoplasty with 
decollation and plombage on right side. Postero-anterior view showing collapse held 
down to sixth rib by plombage. 
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After operation the patients receive 93 per cent oxygen and 7 per cent carbon 
dioxide by nasal catheter from one to six hours and as often as necessary there- 
after. At the same time they receive 600 to 700 cc. of 5 per cent glucose and 
saline intravenously and in addition, for those who may be in shock, 300 to 400 
e.c. of blood with adrenal cortex, when indicated. All hemichests are strapped 
firmly with adhesive plaster to combat paradoxical respiration. The respiration 
of the opposite chest must not be embarrassed in any way. The nursing staff is 
instructed to exert pressure against flail chests when the patient desires to expectorate. 

After operation the patient regains consciousness within fifteen to twenty minutes 
and can therefore cough and prevent the accumulation of sputum, thus avoiding post- 
operative spread. 


Fig. 3.—Same case as in Figs. 1 and 2. Lateral view, showing plombage. 


TABLE IIT 


COMPLICATIONS 


NO. OF CASES 


Vascular 0 
Neurological 
Horner syndrome 
Brachial plexus trauma 
Pulmonary 
Pleural tears 
Bronchial occlusion 
Contralateral pneumothorax 
Wound infections 


Postoperative complications are divided into vascular, neurological, 
bronchial, pulmonary, pleural complications and infections. 
No vascular accidents occurred in this group. 
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Neurological complication (Horners Syndrome) occurred in four 
eases. This condition, we feel, is due to trauma of the sympathetic 
chain during mobilization of the lung. It has persisted, with slight 
improvement, in all eases. 

There was one brachial plexus injury with parathesia along the ulnar 
nerve; this subsequently disappeared. 


Both are 


These show how the lung will re-expand as 


Cavities reopened on the right. 
the exudate in the extrapleural space is absorbed, Plombage, we believe, will prevent this, 


The same case with the cavities reopened on both sides, although an additional 


Sputum is positive. 
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Fig. 


decollated. There is no plombage. 
rib was resected on the left. 


Pleural tears occurred in four eases. The complications following 
this were combated by postoperative deflation of the resulting pneu- 
mothorax and attempt to suture the tear with intercostal muscle and 
fascia. 

Bronchial complication (bronchial occlusion) occurred in four cases 
and was treated by bronchoscopy and aspiration. 

A contralateral pneumothorax occurred in three patients who had 
had a preoperative pneumothorax and was controlled by deflation. 


> 
4 
a 
Me 
} 
is 
= 
s 
4 } fs 
g ‘ 
Re 
| 
is 


py 4 THE JOURNAL OF THORACIC SURGERY 


Wound infections occurred in 10 per cent of the cases; this per- 
centage is considerably higher than that in the series of Deryl Hart’® 
and Overholt and Betts.”° 


Table III summarizes the postoperative complications. 


Fig. 7. 
with decollation and 
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Fig. 6.—A bilateral apical lesion before operation. 


Fig. 7.—The same case after a bilateral u 


plombage. 


It is of interest to note that on the left side the 


months prior to the taking of this film and the colla 


seventh rib. 


At the present time an attempt is made to prevent wound infection 
by insufflating the wound surface with sulfanilamide powder, using 
about 120 grains, and exposing the wound edges for three minutes to 
ultraviolet light. Blood determinations for sulfanilamide show a rather 
low concentration; the concentration in wound exudate is very high. 
This local effect of the drug is desirable and seems at present to be 
effective. 

In this series there were 221 operations performed on 100 patients. 
Fifteen of the patients had only one stage, at which time the first four 
ribs were resected. Sixty-five of the patients had two stages. Eighteen 
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of the patients had three stages. There were twenty-two revision op- 
erations performed. The results in this group show seventy-one ar- 
rested cases with negative sputum and closed eavities. At present the 
patients are working or able to work. 

Table IV is a summary of the number of stages and the resulfs in 
relation to negative sputum. 


TABLE IV 
NO. OF CASES OPERATION NEGATIVE 
100 221 
15 1 stage only 12 
65 2 stages 43 
18 3 stages 14 
22 Revision 14 


By negative sputum we mean that on weekly examination sputum has 
been found negative, that concentrates are performed after each three 
negative plain smears, and that, after three negative concentrates, 
gastric washings have been performed and have been found negative 
on concentrate. Sixteen of the patients are still positive; thirteen of the 
patients have died from progression of their disease. There was no op- 
erative mortality from thoracoplasty itself. Two of the patients who 
required Schede’s operation died within two months from amyloid 
disease. Seventy-one patients represented as arrested are still fol- 
lowed and checked at monthly intervals when sputum and fluoroscopic 
examinations are made. Roentgenograms are taken at six-month inter- 
vals. 

In this group there are fifty males nad fifty females (ninety-one 
whites, eight negroes, and one of the yellow race). The age groups are 
given in Table V. Seventy-one cases are arrested with negative sputum 
and closed cavities; the patients are working or able to work. Sixteen 
patients still have positive sputum. Thirteen died from progression 
of disease. 


TABLE V 
AGE GROUP NO. OF PATIENTS 
14-20 9 
21-30 47 
31-40 30 
41-50 14 


SUMMARY AND CONCLUSIONS 


1. Thoracoplasty should not be a formidable procedure and carries 
a mortality comparable with that of other major surgery. 

2. Thoracoplasty should be employed as indicated and not reserved 
as a final resort for advanced cases. As an argument for this con- 
tention, we point to the fact that in this analysis twelve cases of negative 
sputum occurred in fifteen cases with one stage only. 
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3. The social, mental, and economic status of the patient may be a 
factor in deciding the type of collapse therapy. Pneumothorax demands 
cooperation by the patient. Facilities for refills must be available. 

4. Some form of plombage seems most desirable for the first stage. 
This permits longer periods between stages and maintains a negative 
sputum. The experience of numerous clinics has been a negative 
sputum after the first stage with a return to positive before the second 
stage. Plombage seems to maintain the negative status of the sputum in 
a large number of cases and sometimes obviates the necessity for a 
second stage, especially in bilateral cases. 

5. Most careful postoperative treatment, laying particular stress on 
promptly recognizing contralateral spontaneous (?) pneumothorax and 
bronchial occlusion is important. 

6. Those who advocate pneumothorax to the exclusion of thoracoplasty 
and reserve the latter only as a last resort, think of the early or im- 
mediate complications and reactions associated with each procedure. 
Pneumothorax must be maintained for a long period of time during 
which serious complications may arise. In all measures of therapy in 
which serious sequelae or complications occur late and which develop 
insidiously there is a tendency to disassociate these complications with 
the treatment. I refer to fluid, empyema, spontaneous pneumothorax, 
ruptured cavity wall, and bronchial fistula, which are not uncommon 
in pneumothorax. Then there is always the question when to permit 
the lung to re-expand. When this has been decided upon, it is still un- 
certain that the lung will re-expand. 

7. As one reviews the results of series of thoracoplasties from various 
clinies, one is impressed with the diminishing mortality and morbidity 
and the improvement in results as experience increases. The mortality 
in the original Wilms-Sauerbruch and Brauer-Freidrich and early 
thoracoplasties was high and the arrested cases comparatively few. 
These early results no doubt still have an influence on the medical 
profession in causing its aversion to thoracoplasty. It is not our in- 
tention to advocate thoracoplasty to the exclusion of other measures of 
collapse therapy, but we contend that it has a very definite field, that 
in trained hands it is not a formidable procedure, and that it should 
never be reserved solely for advanced cases. As regards permanent ar- 
rest in properly selected cases, it compares most favorably with other 
measures of collapse treatment. 
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ANALYSIS OF 104 CASES OF THORACOPLASTY FOR 
PULMONARY TUBERCULOSIS 


GrorGE G. Finney, M.D. 
Ba.timoreE, Mp. 


STUDY was made of a consecutive series of 104 thoracoplasties 

for pulmonary tuberculosis, performed by Dr. Robert T. Miller 
and the author, covering a period from April, 1932, to December, 1940. 
All of these patients have come from the various tuberculosis sanatoriums 
in Maryland and were transferred to some one of the general hospitals 
for surgical treatment. After operation they returned to the sana- 
torium for continuance of their medical care after their convalescence 
from the surgical procedures would warrant transfer. It has been 
realized from the beginning that this arrangement was not ideal in any 
sense of the word, but up until this year there has been no other way 
of supplying surgical help to tuberculosis patients in the state of 
Maryland. 

TABLE I 


EXTENT OF DISEASE 


NO. OF CASES 


Unilateral disease 47 
Bilateral (good side apparently inactive) 28 
Bilateral (good side active) 27 
Questionable 2 


Total 104 


Pneumothorax of good side 7 


In the selection of cases for operation the general principles recog- 
nized by all physicians and surgeons in surgery of the chest have been 
followed. As can be seen from Table I, good and bad risks were in- 
eluded. More than 50 per cent of the patients had demonstrable bi- 
lateral disease. Each case was considered individually by the physician 
and surgeon together, and no patient was rejected for operation if 
surgery offered a reasonable chance of help, even though the risk was 
obviously great. In retrospect, it is clear that there were a number of 
cases that were failures because of the extent of the disease. However, 
the chances of improvement without surgery had proved to be almost 
hopeless, and certainly no patient should be denied help just to avoid 
a possible surgical fatality. 


Read before the Twenty-Fourth Annual Meeting of the American Association for 
Thoracic Surgery, Toronto, Canada, June 9, 10, and 11, 1941. 
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The operative technique has for the most part followed the generally 
accepted trend. In some of the early cases less complete collapse was 
obtained because smaller sections of ribs were removed. It is interest- 
ing, however, that there was apparently no greater incidence of spread 
of the disease in these cases than in the later cases where maximum 
sections were removed. It is not possible to make a wholly accurate 
comparison in this matter, because in the latter half of the series many 
more advanced cases were included than in the earlier half. The great- 
est improvement that has been made in technique is undoubtedly in 
anesthesia and in the position of the patient on the operating table. In 
the earlier cases, for the most part, avertin was used as a basal an- 
esthetic, and this was supplemented with nitrous oxide and oxygen. 
However, since cyclopropane gas has been available, this has been used 
exclusively, following a suitable dose of seconal by mouth. This com- 
bination has proved most satisfactory, and it is more than coincidental 
that in this series there has been no operative mortality since the intro- 
duction of cyclopropane. The twofold asset of high-oxygen content and 
the fact that the patient is awake shortly after the operation is over 
are of great importance in preventing spread of the disease. 


Fig. 1.—A, Small folded pillow for axillary pad; B, large pillow, folded and placed so 
pressure is against pelvis rather than abdomen; C, pillow to support arm. 


Proper position on the operating table is a necessary adjunct to good 
anesthesia. Proper ventilation of the good lung should be maintained, 
and in order to help this we have used for some time an axillary pad in 
the form of a small pillow. This pillow is not uncomfortable for the 
patient, and at the same time it allows the good lung to expand normally 
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and also prevents interference with the circulation in the arm on which 
the patient must partly lie. This result is accomplished by keeping 
pressure off the axillary vessels, even if the body slumps forward some- 
what. When the pillow is in its proper place, the patient is supported 
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Fig. 2.—Chart shows drop in blood pressure and elevation of pulse rate following first- 
stage thoracoplasty when no intravenous fluids were given. 
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Fig. 3.—Chart shows effect of interruption of blood transfusion on blood pressure and 
improvement when transfusion was started again. 


in such a way that even in a relaxed state under anesthesia, normal ex- 
pansion of the lower thorax can be maintained, because there is no 
pressure of the costal margin against the table. With this help, an- 
esthesia is much smoother, and this fact in turn definitely decreases 
the possibility of postoperative complications. The operating table 
is adjusted so that the patient’s head is slightly lower than the feet in 
order that any secretions will not be aspirated. The anesthetist also 
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is careful immediately following operation to aspirate thoroughly any 
secretions from the trachea and large bronchi. This step is of the 
utmost importance. 
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Figs. 4 and 5.—Charts show relatively normal course of pulse and blood pressure 
with ee of normal saline followed by whole blood transfusion during 
operation. 


The great value of the whole blood transfusion started soon after 
the beginning of the operation and continued throughout its course has 
been demonstrated over and over again. Its value has perhaps been 
more forcibly demonstrated when we have at times neglected to start the 
transfusion soon after the beginning of the operation, or when it has 
been interrupted by some mechanical difficulty. The maintenance of a 
relatively normal level of both systolic and diastolic blood pressure, 
particularly in the type of patient with which we have to deal, is of 
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paramount importance. Therefore, any means that we can use to com- 
bat the customary immediate postoperative fall in pressure with its 
symptoms of mild shock will serve to lessen the incidence of complica- 
tion. 

Figs. 2-5 demonstrate very well the usual drop that occurs in the 
pressure when intravenous fluids are not used and the maintenance of 
a relatively stable level. For a number of years it has been our practice 
to start the intravenous flow of 5 per cent glucose solution in normal 
saline in one of the ankle veins at the beginning of the operation and 
to follow this with whole blood as soon as the actual removal of ribs 
is begun. The blood is allowed to flow in slowly, and an attempt is 
made to time the end of the transfusion with the termination of the 
operation. We have found under these circumstances, even after a 
second stage operation, which undoubtedly affects the blood pressure 
adversely more often than a first stage operation, that a relatively nor- 
mal level will be maintained after the patient has been returned to his 
bed. 


ANALYSIS OF RESULTS 


In Table II are presented the results of the series of thoracoplasties 
as determined by the physicians of the various sanatoriums from which 
the patients came. In explanation it should be said that in those cases 
classified as ‘‘arrested’’ the patients have negative sputum and no 
x-ray evidence of active disease and have returned to some occupation. 
Those patients in the group termed ‘‘apparently arrested’’ fulfill the 
first two conditions given above but have not as yet been completely re- 
habilitated. There is definite expectation, however, that they will be. 
Those patients included in the group of ‘‘improved’’ are for the most 
part patients who have been operated upon within the past year or who 
still have positive sputum at times. The other three groups need no 
explanation. 


TABLE IT 
NO. OF CASES 
Arrested Ad 42.3 
Apparently arrested 21 20.2 
Improved 14 13.5 
Unimproved 3 2.9 
Not traced 3 2.9 
Dead 19 18.2 
Total 104 


As shown in Table III, 235 stages were performed on the 104 pa- 
tients. Two patients had five stages each; the rest of them had four 
or fewer. Table IV shows the number of patients operated upon in each 
year together with the number of operative deaths. All deaths that oe- 
curred in the hospital in which the patient was operated on have ar- 
bitrarily been classed as operative deaths. (These are shown in Table 
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V.) In this table are also given the number of nonoperative deaths in 
each year in which their thoracoplasties were done. It is interesting 
to note that in the last four years only two of forty-three patients died. 
It seems most likely that the reason for this fact is found not so much 
in the improvement in operative technique as in the handling of cases 
in other ways, including anesthesia, administration of fluids, and in- 
creased number of stages. It should also be noted that more advanced 
cases are included in the latter years. An analysis of operative deaths 
is shown in Table V. 
TABLE IIT 


SUMMARY 


No. of patients 
Total no. of stages 
Av. no. of stages per patient 


TABLE IV 


NO. OF PATIENTS DEATHS 
OPERATED UPON OPERATIVE NONOPERATIVE 


TABLE V 


ANALYSIS OF OPERATIVE DEATHS 


NO. OF CASES 


Tuberculous pneumonia in opposite lung 2 
Right heart failure 2 
Embolus 1 
Pulmonary hemorrhage 1 

6 


Total (or 5.7%) 


Because the patients in this series were operated upon in five dif- 
ferent hospitals, a study of the part played by infection in the wounds 
is of interest but does not bring out any definite conelusions. The 
preparation for operation has, for the most part, been the same in all 
of the hospitals. Alcohol, ether, and iodine technique has been used 
in the majority of cases. Lately tincture of merthiolate has been sub- 
stituted for iodine but only to avoid an occasional burn from iodine. 
As far as possible, a scrupulously careful surgical technique has been 
maintained throughout, but in spite of this the incidence and extent 
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1933 8 
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of infections, as shown in Tables VI, VII, and VIII, were fairly high. 
In explanation of these tables it should be stated that ‘‘slight’’ infec- 
tions were those confined entirely to the skin, particularly around the 
stitches. ‘‘Moderate’’ and ‘‘severe’’ infections were subcutaneous 
or located deep under the scapula. In the past four years since we 
have adopted a technique of smearing lanoline liberally over the closed 
wound before dressings have been applied, the incidence of superficial 
infection has been practically eliminated. 


TABLE VI 


ANALYSIS OF INFECTIONS 


INFECTION NO. OF INFECTIONS NO, OF PATIENTS 
Slight 14 12 
Moderate 8 8 
Severe 3 3 


TABLE VII 


INCIDENCE OF INFECTION 


No. of patients _ 23 or 22.1% 
No. of operations 25 or 10.6% 


TABLE VIII 


EXTENT OF INFECTIONS 


OPERATIONS 


PATIENTS 


INFECTION MO. % No. % 
Cutaneous 12 11.5 14 5.9 
Subcutaneous 10.5 11 


Infection in surgery at any time complicates the attempt to re- 
store normal physiologic functions. By the nature of the cases with 
which we deal in the surgical treatment of pulmonary tuberculosis, 
infection does not only retard materially the progress of the patient 
but can also seriously menace life itself. The incidence of infection in 
this series of cases is not great; but, when we study the results ob- 
tained first by Hart! in the use of bactericidal radiation and later by 
Overholt,? there is no doubt that the incidence of wound infection can 
be cut to a minimum. . 

SUMMARY 


The results of the analysis of a consecutive series of 104 cases of 
pulmonary tuberculosis in which a total of 235 thoracoplasties were done 
are presented. 

The importance of proper position on the operating table as an aid 
to prevention of complications has been stressed. 
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The beneficial results of whole blood transfusion during the operation 
are shown. 
The role of infection in these cases is considered. 
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(See discussion on page 103.) 
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RESULTS OF THORACOPLASTY 


Hersert Mevrzer,* M.D. 
NINETTE, MANITOBA 


HORACOPLASTY is still a new operation and, although many 

series of cases have been reported in the past decade we are still 
in the exploratory stage of chest surgery. Technic and procedure have 
not yet become fixed to any degree, and each operator is still testing 
out the possibilities and endeavoring to fix the bounds of beneficial 
surgical collapse of the damaged lung. To that end we must go on com- 
paring techniques and exhibiting cases and calculating results with 
critical precision so that a true estimate of values may be possible and 
“‘hints of the proper craft’’ taken to heart. It is in that spirit that 
I offer for your consideration this study of 181 cases of thoracoplasty 
performed in the five-year period preceding 1941. 

The 181 cases represent twelve acute, thirty subacute, seventy-two 
‘*good chronies,’’ forty-two ‘‘bad chronies’’ and twenty-five empyemas in 
tuberculous patients (including both pure tuberculous, and mixed infee- 
tion empyemas). 

The operative procedure employed was of the modern type as de- 
seribed by Alexander... The number of ribs removed at each stage 
averaged three; the length of rib removed was long (for seven-rib 
thoracoplasties an average of 140 em. or 56 in. of total rib length was 
removed). The particular ribs removed and the number removed were 
governed by the extent and location of diseased tissue in the lung be- 
neath, or by the extent and location of an empyema cavity. 

There was an almost even distribution of cases as regards the side op- 
erated upon. Ninety-two were right; eighty-nine, left. 

The average age of the group at the time of operation was 30.8 years. 
Calculation by sex reveals that the male patient is over two years older 
than the female, for the average age of the male is 32.3 years, and that 
of the female, 29.9 years. 

Sex distribution was almost equal. Ninety-two were males, and 
eighty-nine, females. 

Occupation was varied, but, as might be expected in an agricultural 
community, the largest groups were housewives, laborers, and farmers 
in that order. 


Read before the Twenty-Fourth Annual Meeting of the American Association for 
Thoracic Surgery, Toronto, Canada, June 9, 10, and 11, 1941. 
*Now of Canadian Army Medical Corps. 
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The number of ribs removed in an individual case varied from two 
to eleven. The number of cases in each category is indicated in Fig. 1. 
Actually 116, or 64 per cent, had seven- or eight-rib thoracoplasties. 
Kighteen patients also had partial seapulectomy in preference to further 
rib removal Anterior thoracoplasty supplementing the posterior stages 
was done in ninety-eight, or 54 per cent. Extrafascial apicolysis com- 
plementing thoracoplasty was done in twelve, or 6.6 per cent, in 
whom there seemed to be particular indications for this auxiliary 
measure. Revision of a previously completed thoracoplasty was done in 
sixteen, or 8.8 per cent. Eight of these previously completed thoraco- 
plasties had been done elsewhere, and the data regarding their first op- 
erations is not included in this study. In eight, or 4.4 per cent, of the 
cases an additional Schede-type operation was necessary to obliterate 
mixed infection empyema. 
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Fig. 1.—Size of operation. (Number of ribs.) 


ANESTHESIA 


Local anesthesia was used exclusively in the series of 560 stages. One-half of 1 
per cent novocaine solution, with 2 m. of epinephrine 1:1,000 added to each ounce 
was found most satisfactory. No toxic symptoms were encountered except in one 
patient in whom dizziness, flushing, rapid pulse, and dyspnea were noted, but not 
in sufficient degree to prevent its further use. The amount used varied greatly. 
At earlier operations up to 750-c.c. of 0.5 per cent solution was used, but more 
recently from 300 to 450 ¢.c. of 0.5 solution has been found adequate, although 
one must remember a good deal of this is lost when the tissues are cut. 

The advantages of local anesthetic are (1) the necessity of gentleness in 
handling tissues, (2) greatly reduced bleeding due to the action of epinephrine, 
(3) the opportunity for greater care in controlling bleeding (these three factors 
eliminate shock of any serious degree; in a period of six years not a single patient 
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has required emergency shock treatment), and (4) the presence of the cough re- 
flex, which minimizes the danger of sputum blockage with later atelectasis and 
potential spread of disease. 

The argument that patients suffer mental torture under local anesthesia cannot 
be entertained. Mild hypnosis counteracts mental strain almost completely. 

Wound infection in the series was gratifyingly rare, and this seems to negate 
the argument that local anesthesia increases the danger of wound infection. Wound 
healing was excellent in every case; no single instance of nonunion occurred. 


COMPLICATIONS 


Operative accidents, which are always disturbing, occurred in only 
one instance that proved serious. On seven (1.2 per cent) occasions 
slight to moderate shock developed, but it was easily controlled by 
customary sustaining methods. Some degree of pleural tear occurred 
at eight operations (1.4 per cent) but was repaired without further 
misadventure. Paradoxical respiration was marked in six, or 1.0 per 
cent, of the operations, but fortunately it was temporary, save in one 
case where a fatal outcome must be attributed to this complication. 

Postoperative complications were very few. Atelectasis occurred 
three times (0.5 per cent) ; two cases improved-rapidly and cleared in 
a few days, the third only partially cleared at the time but later cleared 
completely. Progression of disease on the side operated upon occurred 
in three, and further rib removal was necessary; progression in the 
contralateral lung oceurred in three—a total of six, or 3.3 per cent, al- 
together. Pneumothorax was instituted in one of the contralateral cases, 
and natural healing took place in the other two. Tuberculous spread 
to the opposite lung occurred in one case. Wound infections were rare. 
First degree infections involving dermal areas occurred in only three. 
These cleared quickly. In four some infection extended to the sub- 
cutaneous tissues (small local opening of wounds with application of 
compresses was ample treatment). Severe wound infection occurred in 
one ease in which, in an attempted apicolysis, the tuberculous cavity 
was entered; a fatal termination resulted. Thus a total of eight, or 
1.4 per cent, of the operations had some degree of wound infection. 


BILATERAL COLLAPSE 


In thirty patients some form of contralateral collapse was employed 
along with the thoracoplasty. In eleven a pneumothorax was present 
on the opposite side at the time of operation, and, of these, eight, or 
72.7 per cent, have negative sputum. One died two years after opera- 
tion from progression of disease in the lung beneath the pneumothorax. 
In another nine, pneumothorax was started after operation to control 
active disease and, of these, eight, or 88.7 per cent, have negative 
sputum and no deaths have occurred. Contralateral apicolysis with 
paraffin filling was performed in seven with five, or 71.4 per cent, nega- 
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tive. One died three years after operation from progression of disease 
in the lung below the paraffin pack. Contralateral phrenic operation 
with permanent paralysis was performed on two persons, one before 
and one after thoracoplasty. Both are negative. A single bilateral 
thoracoplasty was performed with good result. In this group, thirty 
cases in all, sputum is negative in twenty-four, or 80.0 per cent, and only 
2, or 6.6 per cent, late deaths have occurred, in spite of the greatly in- 
creased hazards. 
RESULTS IN RELATION TO AGE 


When the age distribution is examined more minutely, it is seen 
that the bulk falls between the ages of 21 and 40. The youngest in the 
group is 14; the oldest, 60. It is seen (Fig. 2) that the highest number 
with negative sputum occurs in the 21 to 30 year group, the lowest 
number, in the 41 to 50 year group. Tuberculosis mortality is highest 
in the 31 to 40 year group. A very important finding is the result in 
the group from 41 to 60; of twenty-three cases, seventeen, or 73.9 per 
cent, have negative sputums, and not one tuberculosis death has oc- 
curred; three later deaths did oceur in this group from conditions un- 
related to the tuberculosis. Thus middle age in itself cannot be con- 
sidered a contraindication to thoracoplasty, provided cases are carefully 
chosen, although the best results may be expected in the 21 to 30 year 
group. 
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DURATION OF DISEASE 


The interval between diagnosis and operation is shown in Fig. 3. 
Duration of disease has little effect on results during the four-month 
to four-year period. There is a decline in satisfactory results after this 
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time, most marked when disease is of over ten years’ standing. Tubereu- 
losis mortality is relatively greater in the one- to two-year, and five- to 
six-year period. No conclusive evidence is derived, except that results 
in the first three months, and after ten years are not so favorable. 
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Fig. 3.—Interval between diagnosis and operation. 
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CLASSIFICATION 


When the classification of the cases is reviewed, a marked prepon- 
derance of those with far-advaneed bilateral disease (75.1 per cent) is 
seen. The.minimal group is represented by one ease only, so results 
are not calculable. Those considered moderately advanced totaled 
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17.0 per cent. In this latter group the percentage with negative sputum 
is high, there being twenty-seven, or 87 per cent, of thirty-one patients 
(Fig. 4). In the far-advanced group of 149, 111, or 74.4 per cent, 
are negative, but included in this group are the tuberculosis deaths, 
eight, or 5.8 per cent. Thus even in the far-advanced bilateral cases 
73.5 per cent are negative, with only 5.8 per cent mortality. 


TYPE OF DISEASE 


The effect of the type of disease forms one of the most interesting 
studies of the paper. The divisions are purely arbitrary. Acute cases 
inelude only those with exudative progressive lesions with no evidence 
of fibrosis or healing ; the approximate duration of the process is limited 
to three or four months. The subacute cases are predominately exu- 
dative but slower in development, possibly with some fibrosis, but having 
duration of less than one year. The ‘‘good chronies’’ are those with 
distinct evidence of fibrosis and natural tendency to healing, and with 
few if any constitutional symptoms and duration of over one year. The 
‘‘bad chronies’’ include all those that do not qualify in the latter group, 
usually cases with constitutional symptoms of disease, instability of the 
process, more activity, or complicating disease of other organs. Finally, 
the group of empyemas are divided into the pure tuberculous and the 
mixed infection types. In the latter group patients are most often very 
toxie and are poor operative risks. Fig. 5 shows that 62.9 per cent of 
all the eases fall into the chronic class; fortunately 39.9 per cent are 
‘‘good chronies.’’ Patients with acute cases are not often operated 
upon, yet many succumb to their disease unless treated by some form 
of collapse therapy. The group is small, but of twelve patients, seven, 
or 58.3, are negative and doing well, and only one died as a result of 
contralateral progression of disease (Fig. 6). The results in this small 
group indicate that selected acute cases with unfavorable outlook ean 
be operated upon with a reasonable chance of success. Improve- 
ment in results is noticed in the subacute group of thirty, or 16.4 per 
cent, of the cases; twenty-four, or 80 per cent, of them are negative, and 
one, or 3.3 per cent, died of tuberculosis. The best results are seen 
in the ‘‘good chronic’”’ group with sixty-three, or 87.5 per cent, negative 
and no tuberculosis mortality. The ‘‘bad chronies’’ show a decline of 
good results with thirty, or 71.4 per cent, negative, and six, or 14.2 per 
cent, tuberculosis deaths. 

The pure tuberculous empyema group included seventeen, or 9.3 per 
cent, cases with complete obliteration of the empyema in 100 per cent. 
In five of these a definite bronchopleural fistula was present at the time 
of operation. Two had negative sputum before operation, and thirteen, 
or 76.4 per cent, after operation; there were no deaths. 
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Eight cases had mixed infection empyema; seven of these had 
bronehopleural fistulas (in each ease a Schede thoracoplasty was finally 
required to obliterate the empyema space). In spite of the serious risk 
these eases present, no tuberculosis death occurred. 
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SIZE OF CAVITIES 


When size of cavities is considered, the results have varied ac- 
cording to the degree of cavitation present. The majority of the cases 
had from 1 to 5 em. of cavitation. Cavities measuring 6 em. or over 
may be considered giant cavities. Favorable results are seen in all 
cases with cavities up to 3 em. Then a distinct change occurs with the 
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exception of the 5 to 6 em. group. Even in the giant cavities 60 per cent 
or over have negative sputum. The relative mortality rate rises as the 
degree of cavitation becomes greater. These results bear out the fact 
that the larger the cavities, the fewer the closures, and the greater the 
relative risks. 


PRE-EXISTING PNEUMOTHORAX 


The relationship of pre-existing pneumothorax is studied and _ in- 
dicates no striking differences. The greatest number, 102, or 56.1 per 
cent, had no pneumothorax treatment prior to operation, because of 
failure to find a space. The remainder had pneumothorax for varying 
periods, but it was found ineffective and they finally required thoraco- 
plasty because of persistent open cavities and fluid, either clear or 
purulent. The cases when analyzed show very little variation in re- 
sults, but there is a slightly higher number with negative sputum 
among those who had had some previous pneumothorax. In a small 
selected series of seven subacute cases without pneumothorax and seven 
similar cases with previous pneumothorax it was found that thoraco- 
plasty was performed four and one-half months after admission in the 
first group, with an average stay of twenty-five months in the sana- 
torium; whereas in the second group, pneumothorax was continued 
for an average of eleven months, resulting in an interval of twenty- 
two months from admission to operation, and average sanatorium resi- 
dence of forty-four months. In the first group six are arrested and 
working. In the second only one is arrested; four are apparently 
arrested ; and only three are working. This is an indication rather than 
a proved fact that temporizing with pneumothorax often results in 
much more prolonged hospital residence with less favorable ultimate 
results. 


TOTAL RESULTS 


The results considered as a whole without reference to any qualifying 
factors reveal fifty-eight, or 32 per cent, arrested, twenty-nine, or 16 
per cent, apparently arrested, fifty-seven, or 31.4 per cent, quiescent, 
twelve, or 6.6 per cent, improved, and three, or 1.6 per cent, unim- 
proved. Of the entire group of 181 operated upon, fifteen have died, 
eight due to tuberculosis and seven from causes other than tuberculosis. 
A total of 148, or 79 per cent, have negative sputum. (These have been 
negative at least six months. The criteria required before sputum is 
considered negative include the examination of concentrated sputum, 
examination of gastric contents, and culture of sputum. ) 

Of the 181 patients, 115, or 63.5 per cent, have been discharged to 
their homes. Of these, fifty-six, or 48.7 per cent, are arrested; twenty, 
or 17.3 per cent, apparently arrested; thirteen, or 11.1 per cent, qui- 
escent; one, or 0.8 per cent, improved; and two, or 1.7 per cent, unim- 


Line 
4 
+ 


92 THE JOURNAL OF THORACIC SURGERY 


proved. Ten have had some progression of disease, and they have been 
readmitted. Four have had recurrence of positive sputum and require 
farther treatment. The number working or able to work gives the best 
indication of the value of thoracoplasty in restoring the patient to eco- 
nomic competence. Up to the present fifty-eight are included in this 
category—this is 32 per cent of the entire group and 50.4 per cent of 
those discharged. 

Not a single tuberculosis death has occurred in those discharged al- 
though five have died from other causes. 


MORTALITY 


In an analysis of the deaths (Table I), it is found that three, or 1.6 per 
cent, occurred within two months of operation and thus were considered 
operative deaths. One patient died from severe paradoxical respiration 
(four days after operation) ; the second died from severe tuberculous 
wound infection (five weeks after operation); and the third died of 
respiratory failure (twelve days after operation) (the cause of the 
respiratory failure was not ascertained). 


TABLE I 


TIME 
POSTOPERATIVE 


Operative (within 2} Paradoxical respiration 4 days 
months after op-| Respiratory failure (no autopsy) 12 days 
eration) Tuberculous wound infection (after api- 5 weeks 

colysis) 

Late Tuberculous Contralateral tuberculous pneumonia year 
(over 2 months Pulmonary emphysema—cardiae failure months 
after operation) | Progression (contralateral) 3 months 

Progression with pneumothorax (contra- years 

lateral) 

Progression of disease—contralateral 3 years 

paraffin pack 

Nontuberculous Staphylococcal septicemia 

Cancer cervix uteri 

Cerebral hemorrhage 

Cardiac failure 

Uterine fibroid—hysterectomy 

Amyloidosis—renal failure 

Influenzal pneumonia (autopsy verifica- 

tion) 


DEATHS CAUSE OF DEATH 


Late tuberculous deaths occurring more than two months after op- 
eration numbered five, or 2.8 per cent. Of these five patients, three had 
contralateral progression of disease; one had a contralateral tuberculous 
pneumonia; and one had emphysema, with cardiac failure. Thus a to- 
tal of eight, or 4.4 per cent, died of tuberculosis. 

The nontuberculous deaths all occurred remotely after operation 
with a single exception. This one patient died from a staphylococcal 
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septicemia secondary to a furuncle three months after operation. Of the 
others, one died of cancer of the cervix uteri; another died of cerebral 
hemorrhage; a fourth died following hysterectomy for uterine hemor- 
rhage; a fifth died of amyloidosis with renal failure; a sixth died of 
eardiae failure; and the seventh died of an influenzal pneumonia. (All 
were verified by autopsy.) 


SUMMARY 


1. Operative and postoperative complications are few. (Could local 
anesthesia receive some credit ?) 

2. Contralateral collapse is well tolerated; 80 per cent have negative 
sputum, and only two late tuberculosis deaths occurred in spite of the 
increased hazards. 

3. The results in relationship to age indicated best results in the 21 
to 30 year group. Middle age is not a contraindication in well-selected 
cases. 

4. In the study of duration of disease the most favorable results are 
found in the period from four months to four years after diagnosis. 
Most marked decline in good results is seen after a ten-year period. 

5. The amount of disease plays a very important part in results, 
and this is well illustrated. Although the far-advanced bilateral group 
has 73.5 per cent with negative sputum, all the deaths occurred in this 
latter group. 

6. Type of disease also is important. Acute cases show less favorable 
results and higher mortality rate in comparison with other groups, but 
our experience? with acutely progressive cases indicates that reason- 
able suecess may be attained. The best results are seen among the 
‘‘good chronics.’’ Results with empyemas are also encouraging. 

7. Extent of cavitation has a direct bearing on mortality and, as might 
be expected, the less the cavitation the better the results of operation. 
Eighty-five per cent of cases with cavitation not exceeding 3 em. have 
negative sputum. 

8. The type and duration of preceding pneumothorax has little in- 
fluence on results. The length of hospitalization and ultimate results 
seem better in those without previous pneumothorax. 

9. Of the total 181 patients, 166, or 91.8 per cent, are alive today. 
Eight have died of tuberculosis, and seven, of conditions other than 
tuberculosis. Tuberculosis mortality is 4.4 per cent (including 1.6 
per cent operative and 2.8 per cent late deaths). 

10. Negative sputum has been achieved in 79 per cent of the entire 
series. (These have been negative for at least six months.) 

11. Of the total number, 63.5 per cent have been discharged, and, 
of these, 50.4 per cent are working or able to work. 
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CONCLUSION 


The modern type of thoracoplasty, performed in multiple stages and 
with longer rib lengths removed, offers good prospects of favorable re- 
sults, with small risk. 
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THORACOPLASTY IN BILATERAL PULMONARY 
TUBERCULOSIS 


ARTHUR M. VineBerG, M.D. (By INVITATION), Doucuas AcKMAN, M.D., 
AND MicHarEL AronovitcH, M.D. 
MontreAn, CANADA 


IGHTY-FOUR per cent of the patients who come to thoracoplasty 

at the Grace Dart Home Hospital* have bilateral disease. Half 
of these may be considered to be ‘‘essentially unilateral’’ eases because 
the disease in the contralateral lung is inactive at the time of operation. 
The remainder are eases of truly bilateral disease with active lesions 
on both sides. 

We have reviewed these cases in order to define more clearly the 
indications and risks of operating when bilateral disease is present. 

For years it has been agreed that thoracoplasty is contraindicated in 
these patients because of the high mortality. Archibald’ listed them 
in his group of unfavorable cases; he reported on twenty-one patients 
in whom thoracoplasty had been done without one ‘‘practical eure.”’ 
Lambert and Berry? in 1930 reported 10 per cent cures in thirty-six pa- 
tients with bilateral disease upon whom they operated. They reported a 
combined immediate and late mortality of 69 per cent. 

In the past ten vears, due to improved surgical technique, patients 
with eases of bilateral disease previously considered unfavorable have 
undergone operation. Coryloss? in 1934 pointed out that the danger 
of thoracoplasty in bilateral tuberculosis rested with the type of disease 
in the contralateral side. According to his figures of sixty-one patients 
having exudative or productive disease in the opposite lung, 64 per 
cent were cured, whereas in a series of twenty-two patients with cavity 
in the opposite lung he obtained cures in only 9 per cent. 

In 1940 O’Brien and his associates* reported 309 cases of bilateral 
pulmonary tuberculosis in whom unilateral thoracoplasty had been done. 
In ninety-seven of these patients there was a contralateral pneumothorax 
at the time of thoracoplasty. He concluded, ‘‘patients with exudative 
and mixed lesions, and with rather extensive disease in the contralateral 
lung, if it can be controlled by contralateral pneumothorax, are not 
rejected.”’ 

In the same year, Miller, Schaffner and Hiltz reported on 100 patients, 
sixty-five of whom had bilateral disease. Of the latter, thirty-five were 
apparently cured or arrested. 


Read before the Twenty-Fourth Annual Meeting of the American Associaticn for 
Thoracic Surgery, Toronto, Canada, June 9, 10, and 11, 1941. 
*The cases reported are from the Surgical Service of Dr. Fraser B. Gurd. 
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In our own series of 100 patients, as recently reported by one of us 
(D. A.), forty-seven had bilateral active disease. We have classified 
the disease in the contralateral lung as retrogressing, quiescent, or 
progressing—with or without cavity in each case. We have not included 
eases in which contralateral collapse measures were done nor have we 
ineluded those in which the disease in the contralateral lung was in- 
active. 


TABLE I 


RESULTS OF UNILATERAL THORACOPLASTY IN BILATERAL PULMONARY TUBERCULOSIS 


| | WELL ALIVE DEAD 
LATERAL OF 

LUNG PATIENTS NO. | % NO. | % No. | % 
Retrogressing No cavity 14 13 | 27.7 1 2.1 ) 
Cavity 6 2 4.2 4 8.5 0 
Quiescent No cavity 8 4 8.5 0 4* | 8.5 
Cavity 5 1 2.1 | 2.1 3 6.4 
Progressing No eavity 9 0 3 6.4 6+ | 12.8 
Cavity 5 0 2 4.3 3 6.4 
Total 47 20 | 42.5 in 23.4 16 34.1 


*One of these deaths was caused by intestinal tuberculosis ; another was caused by 
the anesthetic. 
7One death was caused by wound hemorrhage. 


TABLE IT 


DURATION OF RETROGRESSION 


‘ONTRAL ‘ONTRALAT- 1 NO. 
RALATERAL | CONTRALAT- | TOTAL NO zee 
SIDE ERAL LUNG |OF PATIENTS 
Retrogressing 6 No cavity 6 6 0 0 
months or less Cavity 2 2 0 0 
Retrogressing No cavity 8 i 1 0 
over 6 months | Cavity 4 0 4 9 


Our classification of the disease in the contralateral side has been 
based on serial x-ray evidence. Of our forty-seven patients, 42.5 per 
cent are well, have a negative sputum, and are able to work; 23.4 per 
cent are alive, have a positive sputum, and are either quiescent or 
‘‘slipping’’; 34.1 per cent are dead (Table I). Twenty cases showed 
retrogressing lesions in the contralateral lung at the time of operation. 
In this group there were no deaths, and 75 per cent are well. If the 
patients with contralateral cavity are excluded, 92.8 per cent are well 
and able to work as a result of thoracoplasty. In contrast, those with 
progressive lesions on the contralateral side show a 65 per cent mortality 
in fourteen cases, and none are well and able to work. 

From our figures as analyzed it would appear that thoracoplasty 
is contraindicated in those cases that show progressive disease on the 
contralateral side. If the disease on the contralateral side is retro- 
gressing at the time of operation, good results may be expected. As long 
as retrogression is occurring, it is apparently immaterial how long this 
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retrogression has been taking place. Eight of our cases were retro- 
gressing for six months or less, yet all eight patients are well and able 
to work. 

In order to estimate the risk of unilateral thoracoplasty in bilateral 
active disease, the stage of the disease in the contralateral lung, rather 
than its character, must be evaluated. We are of the opinion that the 
timing of surgical interference in cases of active bilateral pulmonary 
tuberculosis must be as carefully considered as it is in cases of hyper- 
thyroidism. 

CONCLUSIONS 


It is evident from our figures as well as others that a more careful 
selection of cases should be made for unilateral thoracoplasty in bi- 
lateral pulmonary tuberculosis. 

The indications for thoracoplasty must be based not on the character 
of the disease in the contralateral lung—whether exudative or productive 
—hbut rather on the state of the disease—whether progressing or retro- 
gressing. 
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RESULTS IN NINETY CONSECUTIVE THORACOPLASTIES 
FOR PULMONARY TUBERCULOSIS 


ArtTHuR H. Aursss, M.D., F.A.C.S. (By INvITATION) 
New York, N. Y. 


Fro Jan. 1, 1935, to July 1, 1940, ninety patients at Montefiore 
Hospital for Chronie Diseases suffering from pulmonary tuberculosis 
were treated by thoracoplasty. This series excludes patients who had 
had their initial thoracoplasty at another hospital and who required a 
revision operation and also those who had draining empyema sinuses. 
It includes patients with an undrained tuberculous empyema. 


Most patients admitted to Montefiore Hospital are Jewish. Because of 
a lengthy waiting list, acute lesions are seen only in those who have 
previously been in the hospital and are readmitted urgently because of 
an acute exacerbation. No patients are accepted under the age of 16. 
The combined service of hospital and sanatorium comprises approx- 


imately 400 beds. 
TABLE I 


AGE GROUPS 


AGE 

(YEARS) 
15-20 
21-30 
31-40 
41-50 


There were 42 females and 48 males. 


NO. OF PATIENTS 


These ninety patients were all operated upon by Dr. Isidore Kross 
and the author. Every patient had positive sputum and visible cavitation 
prior to operation. The sex and age groups are given in Table I. 
One-half of the patients were in the third decade; one-third, in the fourth 
decade; and fourteen were over 40 years of age. 


An analysis of the duration of illness previous to operation (Table IT) 
shows that a high percentage had long-standing disease. Some of the 
cases with a protracted history had had periods of apparent arrest, 
alternating with periods of activity. 

From the Surgical Service and the Division for Pulmonary Diseases, Montefiore 
Hospital for Chronic Diseases, New York City. 

Read before the Twenty-Fourth Annual Meeting of the American Association for 
Thoracic Surgery, Toronto, Canada, June 9, 10, and 11, 1941. 
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TABLE II 


DURATION OF DISEASE 


DURATION 
(YEARS) 
1-2 


2-3 


NO. OF PATIENTS 


9-10 
10 or more 


PAWS 


Total 


CONDITION OF CONTRALATERAL LUNG 


The contralateral lung was free of visible cavitation in all cases. It 
is the policy of our staff to treat bilateral cavitary disease by other 
collapse measures and to refer the patient for thoracoplasty only when 
the disease on one side appears to be under control. The various types 
of collapse therapy which had been used previous to thoracoplasty were: 
pneumothorax (same side), thirty-nine cases; bilateral pneumothorax, 
six cases; diaphragmatic paralysis (same side), twenty-eight cases and 
combined with pneumoperitoneum, four cases; and contralateral dia- 
phragmati¢ paralysis, one case. 

When noneavitary disease in the contralateral lung was present, 
operation was not performed until either personal observation or pre- 
vious x-ray films had shown it to be stationary for at least six months. 
In twenty-two cases, the contralateral lung presented x-ray evidence of 
infiltrations, tubercles, fibrotic disease, recently closed cavities, and 
recent exudative spreads which had become stabilized. Two eases had 
contralateral pneumothorax maintained during the operative period, 
and two had contralateral oleothorax. 


TYPE OF OPERATION 


An upper selective thoracoplasty with complete removal of the first 
three ribs was the type of operation performed in all cases. Usually, 
the first three ribs and transverse processes were completely removed 
at the first stage and graded lengths of the fourth, fifth, and sixth at 
the second stage. In some cases, four ribs were removed at the first stage, 
and, where indicated, only two ribs were excised at the second stage. 
When essential for a complete collapse of diseased lung, a third and 
fourth stage were added. In thirty-seven cases, a Semb extrafascial 
apicolysis was performed at the first stage. In another five eases it was 
attempted, but it was found that the lung could not be freed from the 
surrounding structures. During the first two years practically all 
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wounds were drained, but since then they have been closed without 
drainage. This has apparently greatly diminished the number of 
wound infections. 

The anesthesia used was nitrous oxide and oxygen. A basal avertin 
anesthesia was occasionally employed, and cyclopropane was used in a 
number of the eases in 1940. Intratracheal anesthesia was never found 
to be necessary. 

TABLE IIT 


RESULTS IN RELATION TO NUMBER OF STAGES 


NO. OF NOT 
NO. OF STAGES ARRESTED DEAD 
One 13 8 al 4 
Two 57 46 6 5 
Three 15 8 6 1 
Four 5 2 3 0 
Total 90 64 10 


There were 192 operations performed (Table III). Of the thirteen 
eases listed in the one-stage group, four were included because death 
occurred before a second stage could be performed. In the other nine, 
a one-stage procedure was contemplated before operation, and, when a 
good result was attained, no further surgery was done. The great 
majority of patients had a two-stage operation. Those falling in the 
three- and four-stage groups had extensive lesions requiring total 
thoracoplasties, anterior costectomies, or revision operations. Five pa- 
tients had anterior costectomies, and five had one or more posterior 
revisions. One patient had both types of supplementary operations. 


RESULTS 


The end results, as given in Table IV, are based on a 100 per cent 
follow-up of from one to six years’ duration. Every case has been 
followed to date. There were 71 per cent arrested cases, 18 per cent not 
arrested, 7 per cent postoperative deaths, and 4 per cent late deaths. 
Seventy-eight per cent of the cases which had a Semb extrafascial 
apicolysis became arrested, while only 66 per cent of those operated 
without this technique had a conversion of sputum. The classification 
‘‘arrested’’ is used in conformity with the standards set by the National 
Tuberculosis Association. Although the percentage of arrested cases 
is not so high as that reported in other series, attention must be called 
to the percentage of ‘‘working’’ patients in the arrested group. Of 
forty-three arrested cases operated upon before Jan. 1, 1939 (Table IV), 
forty-one are working full time or doing their housework, one is able 
to work but is unemployed, and only one is unable to work. This re- 
turn of the patient to industry is really of greater importance than the 
achievement of a sputum conversion. Too often, patients have their 
tuberculosis arrested, only to remain invalids and economic liabilities. 
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TABLE IV 


RESULTS—90 CASES 


NO. % 

Arrested 64* 71 

Not arrested 16 18 

Postoperative deaths 6 7 

Late deaths 4 4 
*Of 43 arrested cases operated upon before Jan. 1, 1939, one is unable to work, 


one is unemployed but able to work, and 41 are either fully employed in industry or 
doing housework. 


TABLE V 


RESULTS IN VARIOUS YEARS 


NOT 


F OPERATIO ARRE 
YEAR OF OPER. N RRESTED ARRESTED 


1935 
1936 
1937 
1938 
1939 
1940 (6 mo.) 


Total 


toe bow bo 


Yeer of No. P.0. Not 


Not 
Operation Cases Deaths Arrested apes" Arrested Arrested Dead 


193 le g 


5 1 


4 


63 a 64 16 4 


Fig. 1.—Relation of status on discharge to present status. Arrowed lines show change 
of status. 


A good deal of the credit for this rehabilitation must be given to the 
method of care following completion of surgery. As a rule, the patient 
remains in the hospital or sanatorium for at least one year, depending 
upon the extent of the original lesion. After discharge, a great number 
of those in poor financial circumstances are employed in the Altro Shops 
run by the Committee for the Care of the Jewish Tuberculous. Here 
they are given graded hourly increases in work for which they are paid. 
This continues over a period of months or years, during which time they 
are under constant medical supervision, When they are finally capable 
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of a full day’s work, they are returned to industry, if a position is — 
available. There can be no doubt that such a System must have a pro- 
found effect upon the end results of therapy for pulmonary tuberculosis. 

Analysis of the results according to the vear of operation (Table V) 
shows a definite improvement in the results in the later vears. This, we 
believe, is real and not due to the fact that as the follow-up period 
lengthens, the end results of more recent years will become appreciably 
worse. This belief is based on an analysis of the cases operated upon 
before Jan. 1, 1939 (Fig. 1). 

Of the eases discharged as arrested, only four turned positive later, 
three after four years, and one after two vears. On the other hand, six 
patients who were discharged with positive sputum became arrested after 
periods of one to three vears. This is in marked contrast to the results 
obtained by supplementary operations. Of six anterior costectomies, 
only two were of value in causing an arrest. Of six patients subjected 
to posterior revisions, only one became arrested. 


CAUSES OF DEATH 


Of the six postoperative deaths, three were in patients over 40 years 
of age. Two of these were due to pneumonia, one proved by post- 
mortem examination. The third occurred one hour after a transfusion and 
was ascribed to a transfusion reaction. One death was due to a widespread 
phlegmon of the back in a 28-year-old man. One female, aged 29 years, 
developed hypertension of 220 during operation and died twelve hours 
afterward. Post-mortem examination showed a pheochromocytoma of the 
adrenal. Another female died one-half hour after an uneventful seecond- 
stage operation. A limited post-mortem examination revealed a complete 
atelectasis of the contralateral lung. This was probably due to a spon- 
taneous pneumothorax or, less likely, to bronchial obstruction. 


Of the four late deaths, two were due to progression of the pulmonary 
lesion and two to an extensive gastrointestinal tuberculosis. 


CAUSES OF FAILURE 


A eareful study of the patients who are not arrested has yielded some 
ideas as to the reasons for failure. In six eases it might be ascribed to 
the type of lesion. These were cases of long-standing disease, with 
markedly fibrotic lungs containing numerous small cavities. At op- 
eration, it was rather evident that very little collapse would be obtained. 
In five cases a prolonged delay between the first and second stages ap- 
peared to be the factor hindering an effective collapse. This delay was 
due usually to a severe wound infection, which rarely occurs at present. 

Of the three patients whose sputum recently became positive after 
having been arrested for four years, one showed a reactivation of an old 
lesion in the contralateral lung. The other two have had suspicious 
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cavitation in the collapsed area ever since operation. Nevertheless, the 
sputum was consistently negative on many smears and cultures for 
four years, during which time they had no clinical symptoms. Further 
surgery is contemplated in both these cases. 


SUMMARY 


The results of ninety consecutive thoracoplasties for pulmonary tu- 
berculosis are analyzed. Although the series is small, it comprises all 
of the patients who were considered suitable for this type of collapse 
therapy. These results are based on a 100 per cent follow-up of all 
cases. Seventy-one per cent of the cases have become arrested. Ninety- 
five per cent of those discharged as arrested before Jan. 1, 1939, are 
working full time. The causes of death and the possible causes of fail- 
‘ure to close cavities are discussed briefly. Cooperation among the 
phthisiologist, thoracic surgeon, and social welfare associations is of 
importance in the patient’s complete rehabilitation and in his ability 
to earn a livelihood. 


DISCUSSION ON SYMPOSIUM ON SURGICAL AND PULMONARY TUBERCULOSIS 


DR. JOHN ALEXANDER, Ann Arbor, Mich.—The outstanding event of this 
symposium is, in my opinion, Dr. Meltzer’s report of his remarkably good results in 
a large group of consecutive cases. While, in his clinic, utterly hopeless cases are 
not operated upon, many bad risk cases are operated upon, and, therefore, his series 
does not represent a so-called good prognosis group. 


Most of us, notably excepting Dr. Meltzer, are prone to attribute undue im- 
portance to some detail of anesthesia, operative technique, or preoperative or post- 
operative management that we happen to be observing at the time when our 
thoracoplasty results are particularly good. Several of the essayists have, for 
example, stressed the value of apicolysis, stating that their thoracoplasty results 
have been improved by it. It is, I believe, quite possible that the results were im- 
proved in spite of apicolysis and by virtue of an increasingly efficient employment 
of those factors that make a thoracoplasty per se effective. I believe a small 
apicolysis is valuable in conjunction with thoracoplasty when it is used for cavities 
that involve the extreme pulmonary apex and for those whose mesial wall lies close 
to the mediastinum. When apicolysis, especially a large one, is used routinely with 
thoracoplasty, I believe many patients are harmed by the cavity’s being dropped to 
a position in which the thorax is wider and deeper and where, therefore, the cavity 
is more difficult to collapse and where more, rather than fewer, ribs need to be 
resected when complete cavity closure is effected; furthermore, not a few patients 
who have had apicolysis have developed deep open tuberculous wounds in the dead 
space beneath the scapula and superior to the depressed apex. 

I believe that the most important factor in preventing death as a result of thora- 
coplasty is the consistent performance of small operative stages of not more than 
two ribs per stage in a large majority of the cases. If a surgeon, who more or less 
routinely resects three or more ribs at each stage, has a death rate of more than 
5 per cent (for patients, not for stages!) within two or three months after the last 
stage, the burden of proof lies upon him that his high mortality rate is due to some 
other factor than the resection of too many ribs at a stage. 
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DR. DEAN B. COLE, Richmond, Va.—I hesitate to discuss an unpopular subject, 
but I should like to put in a word for pneumothorax. I still believe it is the best 
medicine we have for treating tuberculosis. 

As I have said frequently, there are many factors other than rest in the treatment 
of tuberculosis; otherwise many patients would not recover, and likewise many who 
die would get well. For seventeen years in private practice, we have treated a num- 
ber of patients with collapse therapy and a short period of hospitalization. A recent 
analysis of our results with 234 patients, in whom this procedure was tried, reveals 
that pneumothorax was successful, with or without additional collapse procedures, in 
198 patients. Of these, 176 are living and most of them are able to work. Of 
thirty-six patients in whom pneumothorax was impossible, nineteen are living. Thus 
of the total group of 234, 195 are living and thirty-nine are dead. These are white 
patients whose finances enabled them to have the services of a private physician, but 
otherwise the group is unselected. We have not found it necessary to hospitalize 
these patients for the treatment of such complications as fluid and empyema. In 
190 patients of this group, the sputum has remained permanently negative, and in 
ten of these it has been reconverted after having become positive for the second 
time. In comparing our results in this group with a large group of sanatorium 
patients which we have followed for the same period, I am convinced that, while 
ambulatory treatment is not suitable for all patients with tuberculosis, it is useful 
in a selected group, especially in connection with pneumothorax therapy. 


DR. HOWARD LILIENTHAL, New York, N. Y.—I had the pleasure of reading 
Dr. Dieffenbach’s paper before the meeting and I hope he will permit me to correct 
a single error in the program as printed. There were, I understand, 70 per cent of 
his patients alive, working, and perfectly well at the time of the report; there was 
no bacillary sputum. The earliest death in his entire list occurred four months after 
operation; this is an excellent record. 

Cough refiex must not be abolished either during or immediately after the opera- 
tion. Regardless of the method of anesthesia, it is of prime importance that the 
patient should be able to cough and that the sputum be removed by the anesthetist. 
Otherwise there is the great danger of infecting the opposite lung through the spill- 
ing of infected sputum to the supposedly healthy side. 

Dr. Aufses’s paper also reports good results, especially since his patients were all 
poor people. They were kept in the sanatorium for a full year after operation. 

You may have noted in a recent number of the Journal of the American Medical 
Association an editorial about statistics. This should be read by us all, for statistics 
properly applied are valuable. Statistics dealing with huge numbers, such as we 
find in the records of insurance companies, are well worth while from a purely 
business point of view, but the patient himself wishes to know the chances in his 
own case, only. 

There are two significant phases of surgery; one is the art, and the other is the 
science. Not only surgery but all fields of medicine must be regarded from these 
two points of view . The clinician, whether he is a surgeon or not, should always 
decide according to his opinion whether or not an operation is advisable. Then the 
patient or his friends should be informed, and here rests the final decision; this 
may be to leave the matter fully in the hands of the professional man or group 
in attendance. If the physician has selected the person who is to operate, it is he 
who shares all responsibility, both of the scientific aspects of the case and the skill 
required in carrying out the work. Of course, nobody wants to be operated upon, 
and it is a part of your art as a surgeon to talk to the patient in which a way as to 
persuade him to request that you do the operation. 
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DR. FRANK 8. JOHNS, Richmond, Va.—I wish to touch on three things which 
have been referred to several times this morning. They are (1) the type of anes- 
thesia, (2) the frequency of empyema, and (3) the extent of surgery that should 
be done in one sitting. 

With regard to the first, I have found that it is not a question of the anesthetic 
used, it is a question of who is giving it. If we have a trained anesthetist, an expert 
in anesthesia, we shall have a satisfactory anesthetic. If we have a poor anes- 
thetist, we will not have a satisfactory anesthesia. 

In my own work I have been fortunate in having the same anesthetist for twenty- 
five years. He is a physician and confines his practice on our staff to giving anes- 
thesia. He is an expert in that line. So the question of anesthetics is not a prob- 
lem with us. Whether it is to be ether, ethylene, cyclopropane, or any other type 
we wish to use, we feel that it will be given properly and with clinical skill. 

In regard to tuberculous empyema, it seems to me that too high a percentage of 
empyemas has been discussed in these papers. One of three things must be happen- 
ing to empyema cases in our vicinity. The patients are either dying before they 
reach the surgeon; or they are handled by the medical man—since it is a medical 
problem; or, perhaps, such cases are being referred to someone else and do not 
come to our clinic. A tuberculous empyema with us is a rarity. 

Dr. Alexander mentioned the fact that the two-rib is probably the type of opera- 
tion to be done. But we do not feel that we can decide how many ribs should be 
removed until we see with what type of case we are dealing. If we have a patient 
in fine condition, we see no reason why we should not take more ribs. If he is in 
poor condition, we may take only one rib. If his condition is excellent, we do not 
hesitate to take three, four, five, or six ribs. Our decision depends entirely upon 
the condition of the patient at the time he arrives for operation. 


DR. HARRY R. DECKER, Pittsburgh, Pa.—I wish to speak on just one or two 
points. In the series of cases we have seen presented here this morning, the ques- 
tion of infection has been raised in almost every instance. In most cases where 
infection has been registered, it has been of a superficial type, such as stitchhole 
infection, which of course in certain types of skin may be unpreventable even with 
the best preliminary preparation. 

The serious type of infection is the deeper kind that many times undoubtedly 
comes from an infected pleura. It seems to me that, if we have some method 
whereby we might introduce a bacteriostatic agent at the time of operation, we 
might avoid having an infection develop extrapleurally of a serious type which might 
cause death. 

Having had one fatal experience in my early years with thoracoplasty, I adopted 
the use of a solution of acriflavin 1:1,000 to lavage the cavity extrapleurally after 
the completion of the rib sections. 

Since then I have had no deep infections and very rarely one of a superficial type. 

The second point is this. Whereas shock is not a very common happening in the 
operation of thoracoplasty, one does see surgical shock in the course of the opera- 
tion manifested early by a diminution of blood pressure and increased rapidity of 
the pulse as a result of loss of blood volume. We never can tell beforehand when 
our patient may go into shock. Therefore, if we have any measure at hand whereby 
to prevent shock, we are doing something constructive. 

Dr. Finney spoke well of the usé of an intravenous solution of sodium chloride 
or blood during the course of the operation. I believe a very important measure 
which Dr. Crile has always emphasized is that of introducing a solution into the 
tissues to block the nerve impulses to the brain centers and thus remove one factor 
in the causation of shock, 
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Therefore, I believe anesthesia should be induced by the introduction of novocain 
solution into the tissues, first, subcutaneously and intramuscularly and, finally, block- 
ing the intercostal spaces. 

I, myself, feel—and I gained this impression quite definitely first in watching 
Dr. Kinsella’s fine work—that local anesthesia is by all odds the ideal anesthesia 
for a thoracoplastic patient were it not for hazards connected with the patient’s 
psychology which keep one from using local anesthesia at all times with comfort 


for patient and surgeon alike. 
Therefore, if general anesthesia can be added safely, so much the better. 
Cyelopropane, as far as gas anesthetic is concerned, is, I believe, by all odds the 
best. We recently have been using sodium pentothal intravenously and with satis- 
faction. The patient will recover from sodium pentothal anesthesia, if given 
properly, within fifteen minutes of the time its administration is stopped. We have 
had no deleterious effects from the use of this anesthesia. 


DR. RICHARD H. OVERHOLT, Brookline, Mass.—It has been conclusively shown 
here today that a permanent type of collapse will not only salvage a certain number 
of hopeless cases, but, when the program of treatment is finished, the patients are 
able to stand ordinary activities of life better than those patients who apparently 
arrest the disease by spending considerable time on bed rest alone, or even better 
than those who have had some temporary form of collapse. 

The paper by Foster in the February, 1941, issue of the American Review of 
Tuberculosis was of interest. He made a survey of late results of sanatorium treat- 
ment in nearly 7,000 patients who had been treated in seventy-five sanatoriums in 
this country. The survey was made five years after their discharge. Foster reported 
that only 33 per cent of the patients who were admitted with far-advanced disease 
were living at the end of five years. Sixty per cent of the patients who were 
moderately advanced survived the five-year period. Seventy per cent of those who 
were admitted with minimal disease were alive five years later. These groups were 
not broken down with respect to those discharged with consent. It was stated, how- 
ever, that 70 per cent of the whole had been discharged with consent, and it was 
stated how many were alive five years later. It was surprising to find that patients, 
irrespective of the stage of the disease on admission, who had gone through with 
their recognized form of treatment and had remained in the sanatorium to be dis- 
charged with consent of the medical steff, showed a survival rate of but 60 per cent 
at the end of five years. That hardly seems good enough, after all the time and 
money spent on those patients, to have but 60 per cent of the patients alive at the 
end of five years. 

Recently, we made a survey using data from the follow-up departments of our 
sanatoriums to see if patients who had been treated by thoracoplasty were holding 
up as well as the average group of discharged sanatorium eases. Four hundred 
twenty-two thoracoplasty patients had been discharged with the consent of the 
various sanatorium staffs. 

(Slide) This survey revealed that the percentage of reactivation was very low, 
and the subsequent death rate from tuberculosis has also been low. These people 
apparently are holding up under the activity of life fairly well. I believe there 
were but ten patients in this particular group who died of tuberculosis. I found, 
for instance, that but 5 per cent became reactivated. It should be emphasized that 
this includes a period that dates back from 1932 up to 1940. 

(Slide) One hundred seven of the patients were followed for over five years. 
In this older group, 94 per cent of the patients are still alive, doing very well, and 
show a low incidence of reactivation. 
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A questionnaire was sent to them, and it was found that 91 per cent considered 
themselves well, 85 per cent considered themselves free of deformity, and 83 per 
cent were working at that time. 

I believe that we must always appraise the type of collapse to be used in regard 
to permanency. It must be realized that many patients with advanced disease have 
a remaining healthy lung which is too small to fill the chest. After one fails with 
a temporary measure, or after a temporary measure is used to tide the patient over 
an acute phase, the best treatment may require that the chest be made smaller so 
that the residual healthy lung will not be overstretched and distorted, and so that 
its function will not be impaired. 

This whole discussion has been most interesting. I believe that it will encourage 
us to go ahead and consider a permanent type of collapse earlier in the treatment 
program. In the end it will probably prove to be the most conservative of all forms 
of collapse for advanced disease. 


DR. LOUIS R. DAVIDSON, New York, N. Y.—There are a few points which 
I should like to stress. I believe in a rather general way that it has been crystallized 
here today that, as regards thoracoplasty, one thing and one thing alone is important. 
We may state it this way, that thoracoplasty should not be performed unless the 
opposite or contralateral lung is under control. I believe that is a very important 
point. 

By that we mean that the contralateral cavity, if it existed, has disappeared, 
or that the disease process is either stationary or regressing. 

It is difficult to say that the report from one institution can be compared exactly 
with that from another institution, unless one notes the type of case, the type of 
patient, the experience of the surgeon, and just what the intimate pathology of 
each group is. 

On the question of empyema, I am convinced that pathology, whether it be repair 
or disease, is the same pathology in the upper extremity, in the lower extremity, 
in the peritoneum, or in the pleural cavity. Because of that fact, pus and purulent 
material must come out (be evacuated). I am convinced that one must do a thora- 
costomy, because in these cases it is not the lung with which you are dealing but 
rather the infected pleural cavity. 

We have found out that in a substantial number of cases (and when I say 
‘+ substantial’? I am using that term in the dictionary sense, which means one-half 
or more) one-half or more of our infections were mixed infections. These tubercu- 
losis patients had a negative sputum. Your problem then is that of the pleural 
cavity. 

We feel convinced from the work at Sea View Hospital that thoracoplasty alone 
in the cases of mixed infection, tuberculosis empyema, is wrong. 

On the question of shock in operation, with all due respect to the tremendous 
work done by Dr. Crile, we believe with Dr. Henderson that in all types of surgery 
if you maintain the venopressure mechanism, which can be maintained by intravenous 
glucose and saline and blood, you have eliminated one of the greatest factors of 
danger at the time of operation that you can consider. 


In my opinion, pneumothorax therapy, although advantageous in many instances, 
ean be and is a very dangerous procedure. 


DR. RICHARD H. DIEFFENBACH.—I very much regret that on the program 
our title was misquoted. It should be ‘‘No Operative Deaths.’’ We had thirteen 
deaths, but none occurred within less than four months. 
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I had a few men ask me about the hydrosteroline plombage that we used. It is a 
hydrogenated oil which is hard and must be mixed with crisco which is used for 
cooking; it is usually employed in a percentage of 1:4 until you get the consistency 
that you want. It is quite malleable and can be very molded into the cavity. 

I agree with Dr. Alexander that we should not give credit only to the anesthesia 
in different procedures and steps that men may recommend in their particular method 
of operating on thoracoplasties for the results attained. 

I agree with Dr. Cole, too. I do not put in a plea that pneumothorax should not 
be used. I believe that it has a very definite field and that thoracoplasty also has a 
field. 
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REST AND COLLAPSE IN PULMONARY TUBERCULOSIS 


Davin SaLkin, M.D., anp A. V. Cappen, M.D. 
HorEmont, W. Va. 


ESPITE the fact that numerous and excellent articles are published 
each year on the treatment of pulmonary tubereulosis, there are 
still present sharp differences of opinion as to the relative value of the 
various procedures. This is particularly true in the comparison of the 
two common programs of treatment, namely, collapse therapy and 
ordinary sanatorium regime. 

This controversy is mild in the consideration of the minimal and 
moderate cases because most clinics show no great differences in the 
results from collapse and noneollapse methods (Tables I and II). In 
the far advanced cases, however, a veritable state of confusion exists 
when the results of various sanatoriums are compared. Analysis of 
these results shows numerous paradoxical situations (Table IIT). 


TABLE I 


RESULTS IN MINIMAL TUBERCULOSIS 


APPAR- 
COLLAPSE| ENTLY | @UIES- 


SANATORIUM YEARS (%) ARRESTED (%) 


(%) 


Mt. McGregor 1914-20 Slight 
King Edward VII | 1907-14 Slight 
Loomis 1916-20 Slight 
Trudeau 1934 re- Slight 

port 
Chicago Municipal | 1931-36 100 
None 
Michigan State 1930-34 100 91 
None 91 95 95 


1. Sanatoriums which employ markedly differing degrees of collapse therapy 
may obtain similar results. The National Tuberculosis Association report for 1931 
showed 58 per cent improved in 42,107 cases with 54 per cent far advanced and 
10 per cent collapse, whereas the Michigan State Sanatorium reported 67 per cent 
cases improved with 57 per cent far advanced and 72 per cent collapse; a gain of 
only 9 per cent in results with 62 per cent more collapse therapy. Maybury Sana- 
torium in 1931 reported 50 per cent quiescent and 66 per cent improved in a group 
of cases with 45 per cent far advanced and 77 per cent collapse, whereas Loomis 
Sanatorium in 1920 showed 42 per cent quiescent and 70 per cent improved in a 
group with 48 per cent far advanced and slight collapse; similar results but more 
than 70 per cent difference in collapse. 

From the Hopemont Sanitarium, Hopemont, W. Va., and University of West Vir- 
ginia Medical School, Morgantown, W. Va. 


Read before the Twenty-Third Annual Meeting of the American Association for 
Thoracic Surgery at Cleveland, Ohio, July 6, 7, and 8, 1940. 
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TABLE II 


RESULTS IN MODERATELY ADVANCED TUBERCULOSIS 


SANATORIUM 


YEARS 


COLLAPSE 
(%) 


APPAR- 
ENTLY 
ARRESTED 


(%) 


QUIES- 
CENT 


(%) 


PROVED 


(%) 


IM- 


Mt. McGregor 

King Edward 
VIL 

Loomis 

Trudeau 


Chicago 
Municipal 

Michigan 
State 

Hopemont 


1914-20 
1907-14 


1916-20 
1931 re- 
port 
1931-36 
1930-34 


1930-38 


Slight 
Slight 


Slight 
Slight 


100 
None 
100 
None 
100 
None 


41 
65 


54 


78 
84 


78 


TABLE IIT 


RESULTS IN FAR ADVANCED TUBERCULOSIS 


SANATORIUM 


NO. 
OF 
CASES 


YEARS 


COL- 
LAPSE 


(%) 


APPAR- 
ENTLY 
ARRESTED 


(%) 


QUIES- 
CENT 


(%) 


IM- 
PROVED 


(%) 


ALIVE 
(%) 


SPUTUM 


Michigan 
State 


1930- 
1954 


311 
48 


100 


None 


44 
6 


63 
20 


24* 


Nega- 
tive* 
Nega- 
tive* 


Saugman- 
Gravesen 


1901- 
1930 


100 


None 


35* 


Nega- 
tive* 
Nega- 
tive* 


Chicago 
Municipal 


1931- 
1936 


100° 
None 


Hopemont 


1929- 
1938 


100 
None 


Glen Lake 


1932- 
1938 


100 


None 


Trudeau 


1931 
re- 
port 


Slight 


Loomis 


1916- 
1920 


Slight 


King Edward 
VII 


1907- 
1914 


399 


Slight 


*Improved with a negative sputum. 


2. Sanatoriums employing similar degrees of collapse therapy may get different 


results. 


The far advanced cases treated by collapse therapy at the Michigan 


State Sanatorium showed 70 per cent improved with negative sputum, but at 
Saugman-Gravesen’s Sanatorium only 35 per cent of the cases were improved and 
had negative sputum. 

3. A sanatorium may obtain different results from collapse therapy at different 
periods of study. At Saugman-Gravesen’s Sanatorium, between 1916 and 1920, 
collapse therapy in 204 cases resulted in 42 per cent sputum-negative discharges, 
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whereas in the 1921 to 1925 year period, collapse therapy in 220 cases resulted in 
27 per cent sputum-negative discharges; or 15 per cent less satisfactory results 
despite improved pneumonolyses and thoracoplasties in the latter period. 

4. Conservative therapy may produce results as good as those obtained by 
collapse therapy. At the King Edward VII Sanatorium, where no collapse therapy 
was undertaken, 63 per cent improved in the far advanced cases, whereas at the 
Michigan State Sanatorium, where 100 per cent of the patients received collapse 
therapy, only 70 per cent were improved. The far advanced cases at Glen Lake 
Sanatorium showed 30 to 38 per cent improved in the noncollapse group as con- 
trasted with 35 per cent improved in the collapse therapy group at Saugman- 
Gravesen’s Sanatorium. 

5. Results with conservative measures vary at different sanatoriums. The per- 
centage improved in the far advanced group at Saugman-Gravesen, Glen Lake, and 
Loomis are 19 per cent, 30 to 38 per cent, and 55 per cent respectively. The 
Chieago Municipal Sanatorium showed that only 23 per cent of its patients with 
far advanced cases were alive at the end of a five-year study, whereas Trudeau 
Sanatorium reported 53 per cent alive five years after discharge. 

6. Noncollapse results may vary at different periods of study. At Glen Lake 
Sanatorium the far advanced cases showed 19 per cent improved in 1925, and 30 
to 38 per cent since 1929; also the moderately advanced cases improved from 65 
per cent in 1925 to 85 per cent in 1929. At Saugman-Gravesen the results in the 
far advanced group in the 1901 to 1905 period showed 16 per cent improved and 
in the 1921 to 1925 period showed 26 per cent improved. 

7. The ratio between the results of collapse therapy and those of noncollapse 
therapy may vary markedly in different sanatoriums. The favorable results of 
collapse therapy as opposed to those of noncollapse therapy is in a ratio of 2:1 
at Saugman-Gravesen and Glen Lake, 3:1 at Michigan State and Chicago Municipal 
Sanatoria, and 4:1 at Hopemont Sanitarium. 


FACTORS CONTRIBUTING TO THE PARADOXICAI. RESUI.TS 


We feel that the more important factors contributing to this confused 
state are quality of treatment, selection of cases, method of reporting 
results, and the type of far advanced ease treated. 


A. Quality of Treatment.—Collapse therapy has improved steadily but since 1933 
has been of a constant quality. Since then such improvements as better pneu- 
monolysis and extrapleural pneumothorax have altered the figures very slightly. 
It may be said that collapse therapy has been a constant in the past ten years, 
during which time the greater number of results of collapse therapy have been 
published. 

The conception of sanatorium regime has undergone a great change, due chiefly 
to collapse therapy. Prolonged bed rest rather than a dietetic-hygienic regimen 
is now being stressed. What was once considered bed rest is now regarded as a 
modified bed rest or a mild activity. With the advent of surgical measures, bed 
rest became an important adjunct but was not given due consideration in evaluating 
results. We feel that it is highly important to separate partial bed rest from 
strict bed rest, and collapse therapy plus partial rest from collapse plus strict bed 
rest. 

B. Selection of Cases——Since most sanatoriums have long waiting lists, selection 
of cases has become a common event, and, although it is justifiable in many in- 
stances, yet it has never been duly acknowledged as an important factor in evaluat- 
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ing results. It is true, nevertheless, that hospitals using collapse methods favor 
admission of cases which are suitable for collapse therapy, and relegate noncollapse 
methods to unfavorable cases. On the other hand, hospitals using noncollapse 
methods tend to admit the less extensive cases and often use collapse therapy 
only as a last resort. 

C. Methods of Reporting—Almost every hospital reports its results in a dif- 
ferent manner. Some conform strictly to the National Tuberculosis Association 
classification, and some divide the cases into negative and positive sputum groups. 
The terms quiescent and improved include cases with either a negative or a positive 
sputum and so may mean either active or inactive disease. Many clinics spending 
six to eighteen months to produce a quiescent or improved negative sputum case 
feel that they have gained nothing according to the classification. We feel that 
the discharge classification we have proposed simplifies the methods of reporting 
results. 

D. Type of Far Advanced Case.—Probably one of the most important factors 
is the type of far advanced case admitted. Solely from an anatomic standpoint, 
a far advanced case may be suitable for collapse therapy or unsuitable for collapse 
therapy; there may be a moderate lesion on each side or giant-sized cavities in 
each side. The more detailed anatomic classification we have proposed removes the 
factor of selection by subdividing the far advanced cases into more uniform and 
comparable groups. 

TREATMENTS STUDIED - 


The methods of therapy compared in this study are strict bed rest, 
mild activity, and collapse therapy plus bed rest. 

In the bed rest program, the patient was put on strict bed rest for 
twenty-four hours daily. No bathroom privileges were allowed, and 
all meals and baths were given in bed, the patient being out of bed 
only for examination or x-ray studies. (A few patients who were too 
active in bed were put on Bradford frames.) A patient treated by this 
method was kept in bed until the sputum became negative and the 
x-ray showed a retrogressive lesion. The program was continued for 
three to six months. The patient was then allowed out of bed, and the 
activity gradually increased so that an equivalent of one hour of 
exercise was permitted about six to twelve months later. A total of 
two to four hours of exercise was prescribed one to two years after 
the patient was allowed out of bed. 


In the mild activity or modified bed rest program, the patient led a 
leisurely life. He stayed an average of eighteen hours in bed, but this 
varied from twelve to twenty hours, depending upon his inclination 
and condition; the sicker patients approached a regime closer to that of 
strict bed rest. The patient went to the common dining room, lounged 
about, played various games, such as ecards and echeekers, and took 
oceasional short walks. Bed rest was observed during febrile periods. 


The group of patients on whom a surgical procedure was done also had 
bed rest. We feel, therefore, that this form of treatment is best de- 
seribed as the collapse therapy plus bed rest program. The collapse 
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measures included phrenic nerve operations, pneumothorax, thoraco- 
plasty, pneumonolyses, paraffin plombage, extrapleural pneumothorax, 
scaleniectomy, multiple intercostal neurectomy, and supraperiosteal bag 
and muscle. No case was included unless it was felt that there had been 
adequate treatment, this depending upon such factors as age, type of 
disease, and presence of complications. For example, if in a man, 
aged 60 years, pneumothorax and phrenicotomy had failed, but thoraco- 
plasty was contraindicated because of poor general condition, emphy- 
sema, or heart disease, he was considered as a failure of collapse therapy. 
If a highly exudative case had no result with a pneumothorax or phren- 
icotomy, and a thoracoplasty was contraindicated, he was also con- 
sidered a failure of collapse. If, however, a patient left with incomplete 
treatment or refused further necessary collapse therapy, he was excluded 
from the group. The term collapse is used here in its widest sense as a 
program of therapy and includes eases with bilateral disease, even 
though collapse was unilateral and the noncollapsed lung took a longer 
time to stabilize. 

1. Selection of Cases.—The cases studied were selected from two hospitals, Hope- 
mont Sanitarium, Hopemont, West Virginia, and Michigan State Sanatorium, 
Howell, Michigan. In both hospitals bed rest and collapse procedures are similar, 
and the surgical measures were done almost entirely by Dr. John Alexander and 
his staff. Table IV shows the actual number of cases taken from each sanatorium, 
Hopemont contributing all of the activity cases and most of the bed rest cases, and 
Howell contributing most of the collapse cases. It may be mentioned that com- 
parative studies of these hospitals yielded almost identical results. 


TABLE IV 


SELECTION OF CASES FroM Two SANATORIUMS 


MILD 
SANATORIUM ACTIVITY REST COLLAPSE TOTAL 
Hopemont 556 609 510 1675 
Michigan State 178 1120 1298 


Total 556 787 1630 2973 


2. Number of Cases and Treatments——If a minimal case was kept on strict bed 
rest for over four months, but the disease progressed to a moderately advanced 
stage and collapse was instituted, the case was counted twice, both as a minimal 
for rest and as a moderate for collapse. Thus, the 2,973 cases in this study had 
a total of 3,204 full trials of therapy. No case was included unless it was felt 
that the treatment that failed was adequate in quality and in time. There are, 
therefore, about 8 per cent more treatments than cases, or 92 per cent of all the 
cases had only one method of therapy. In further references, each treatment-case 
will be referred to as a ‘‘case.’’ 

3. Duration of Treatment and Period of Observation—To exclude cases in ex- 
tremis and to assure a sufficient period of treatment, no case was included which had 
less than four months of hospitalization. We feel that the great majority of cases 
show some change, either for the better or the worse at the end of this time, giving 
a good indication as to the probable future course of the disease. If a patient on 
bed rest showed partial improvement. and then left the hospital in four months, 
he was excluded from this study because it was felt that the patient did not 
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receive the full benefit of bed rest. The vast majority of the cases observed for 
less than six months were those in which the disease progressed and collapse ther- 
apy had to be instituted. In the collapse therapy program, a case observed under 
four months was included only if death was directly attributable to a collapse 
measure, such as death following induction of pneumothorax. 

After discharge, many of the patients returned for periodic examinations and 
x-ray studies, and in this paper, we have included only the time that the patient was 
observed by the sanatorium staff and not by other physicians, thereby insuring a 
uniformity of opinion. This study, therefore, does not include a long-range follow-up 
program, but only the direct period of observation by the sanatoriums mentioned. 
Analysis of this period shows that 8 per cent of the cases were observed for four 
to six months; 18 per cent, for six to twelve months; 27 per cent, for one to two 
years; 18 per cent, for two to three years, and 29 per cent, for three years. Only 
26 per cent of the patients were observed for a period of less than one year, and 
they include most of those who died. The average period of observation for all 
eases in this study is thirty months, or 2.5 years. 

4. Period of Study.—A study was made of every patient admitted to the two 
hospitals with accurate records and adequate x-ray and sputum examinations. From 
1922 to 1927 only forty-eight cases, or 1.6 per cent, could be used, although thou- 
sands of records were reviewed and discarded because of inadequate studies or 
varying programs of treatment. The study was carried on from 1922 until July 1, 
1938. No patient was included who was admitted after this date, and the final 
status of the patients was taken on July 1, 1939, giving a period of at least one 
year of observation of the newest cases. : 

5. Resident and Discharged Cases——On July 1, 1939, only 9 per cent of the 
patients were resident at the sanatoriums, and 91 per cent had been discharged. 
The resident cases were chiefly those in which it was felt that the treatment used 
had given maximum results, more recent cases, and those which had been treated 
in the sanatorium for years and were regarded as chronic. 


TABLE V 


COMPARISON OF EXTENT OF DISEASE IN THE GENERAL ADMISSION CASES AND THOSE 
USED IN THIS STUDY 


GENERAL 

TYPE OF CASE ADMISSION 
(%) (%) (%) 
Minimal 6.7 6.6 -0.1 
Moderate 22.7 20.5 +2.2 
Far 70.6 72.9 -2.3 


Has such a selection of cases resulted in the study of a group of people different 
from those generally admitted, a cross section not actually representative of the 
population of the two sanatoriums? This can be answered in the negative, as shown 
in Table V. The differences are very small indeed. 


COMPARATIVE FACTORS STUDIED 


For each group of cases, as proposed in the classification, the follow- 
ing factors were studied and compared: (a) Number of patients, sex, 
age; (b) incidence of positive sputum and cavity; (¢) symptomatology : 
A, B, C.; (d) predominant character of the lesion: exudative, fibroid, 
mixed; (e) duration of illness prior to therapy; (f) time in hospital 
and period of observation. 
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Table VI shows the number of cases studied in each group and under 
each program of therapy. The moderate-minimal group for a total 
far advanced comprised only five cases and was therefore omitted. 

TABLE VI 


NUMBER OF CASES STUDIED IN EAcH GROUP 


MILD BED 
ACTIVITY REST 


Minimal 64 
Moderate 112 
Moderate-moderate 48 
Far advanced-clear 14 
Far advanced-minimal 69 
Far advanced-moderate 263 
Far advanced-far advanced 316 
886 


COLLAPSE 


COLLAPSE THERAPY ———j 


\ 


™~ 
Min Mod Mod Far Far Far Far 


Mod Clear Min Mod Far 


Fig. 1.—Results of treatment. Inactive cases, negative sputum, healed lesion. 


RESULTS OF TREATMENT 


The number of cases of inactive disease obtained in each group by 
each method of treatment is shown in Fig. 1. The relative value of 
each program of therapy is shown particularly in the more extensively 
diseased groups. Not all of the comparative factors are equal in all of 
the groups, but we believe that a hypothetic curve based upon these 
differences would be changed only slightly from the one presented here. 
These curves offer only a general picture of results which may be used 
as a standard when judging individual cases. 
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In Fig. 1 and Table VII the clinical cures and improved eases are 
presented together. The number of improved cases is very small and 
forms only 4.5 per cent in the activity group, 4.5 per cent in the bed 
rest group, and 4.2 per cent in the collapse therapy group. 

Whether the result in a given patient would be better or worse than 
the average would, of course, depend upon age, character of the lesion, 
duration of the illness, general symptomatic condition, and presence of 
complications. Indeed, if a sufficient number of cases could be collected, 
a separate curve could be established for each of these factors, but in 
this study only an average picture can be presented. 


ANALYSIS OF COMPARATIVE FACTORS (TABLES VII AND VIII) 


The sex incidence shows nothing of great significance. The average 
age for all groups varied between 22 and 32 years. The percentage 
of exudative disease varied considerably, and undoubtedly has shown 
its influence on the curve of clinical cures. Generally, the activity 
group has shown the smallest number of exudative cases; and rest and 
collapse groups were about equal. The number of fibroid cases is small 
in each group. The symptomatology shows a great preponderance of B 
symptoms, except in the minimal cases; and C symptoms rise signifi- 
cantly in the far-far group, and in the far-moderate group on rest. The 
incidence of cavity and positive sputum shows significant differences only 
in the minimal and moderate groups. The duration of the disease, for all 


groups, prior to institution of treatment shows no important differences. 

As expected, the activity cases remained the shortest time in the 
hospital, followed by rest, and then by collapse. The average stay for 
all groups is seventeen months for activity, eighteen months for rest, 
and twenty-four months for collapse. After discharge, the activity 
ease was followed for another three months, the bed rest case for seven 
months, and the collapse case for ten months. 


SUMMARY OF ACTIVITY GROUP 


The patients in this program of treatment were not so sick as those 
treated by the other methods and showed a smaller number of exudative 
cases in each group. Their activity was greatest in the milder groups 
and approached bed rest in the more extensive eases. The other factors 
were similar to those of the other two forms of therapy. The results 
are generally much poorer than in bed rest and in collapse, but are 
surprisingly good in the minimal, moderate, and moderate-moderate 
cases. When cavities do close and the lesions become stable, they 
do so in a surprisingly short time, comparing favorably with bed rest 
and collapse. In the moderate to the far advanced-minimal groups eav- 
ities close within nine to thirteen months, seventeen months in far- 
moderate groups, and twenty-four months in far-far groups. Sputum 
conversion follows closely, and the lesion becomes stable very soon after- 
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ward. If suecessful, these cases show favorable changes in the very 
short time of three or four months. Some of the older patients actually 
do better when allowed a mild form of activity. 


SUMMARY OF THE BED REST GROUP 


This group comprises the greatest number of sick patients. Cavity 
closure occurs within ten to fifteen months in the moderate to the far- 
minimal group, seventeen months in the far-moderate, and twenty-one 
months in the far-far cases. Sputum conversion follows closely, and 
the lesion becomes stable about two months later. The results in this 
group are better than those in the activity group but are inferior to 
those of collapse. Surprisingly good results are present in the minimal, 
moderate, and moderate-moderate groups, fair in the far-clear group, 
and poor in the more extensive ones. Blocked eavities occurred in 3 
per cent of the cavity cases. In 10 per cent of the cases pneumothorax 
was attempted but failed beeause of complete pleural adhesion. We 
feel that it is not fair to use as a control only a group of eases in which 
pneumothorax failed and compare it with a collapse group, because 
extensive pleural adhesions can prevent fayorable intrapulmonary 
mechanical adjustments on bed rest just as well as in collapse. 


SUMMARY OF THE GROUP TREATED BY COLLAPSE THERAPY 


This group contained the greatest number of exudative cases and the 
smallest number of fibroid eases. Cavity closure occurred within ten 
months to sixteen months in the moderate to the far-moderate eases and 
twenty-five months in the far-far cases. Sputum conversion followed 
almost immediately after eavity closure, and the lesion beeame stable 
shortly after that, as far as this could be determined under pneumothorax, 
thoracoplasty, or other measure. The popular conception of immediate 
cavity closure and contrel of the lesion must be revised; it is a dramatic 
event oceurring infrequently in this study due to the great number of 
cases of pneumothorax with complicating adhesions. The clinical cures, 
however, are so high that all other factors become secondary. Blocked 
cavities occurred in 5 per cent of the 1,411 cavity cases. Compared to 
bed rest the minimal group showed 8 per cent more cures; moderate, 
11 per cent; moderate-moderate, 10 per cent; far-clear, 21 per cent; 
far-minimal, 48 per cent; far-moderate, 39 per cent ; and far-far, 24 per 
cent. It must be stressed, however, that in the minimal group 13 per 
cent of the patients received pneumothorax after a phrenicotomy failure ; 
and the far-far group represents highly selected patients with respect 
to vital capacity and general condition. The far-far group shows a 
period of twenty-six months necessary to control the disease, because 
the collapse was done slowly and deliberately. Often one side had to be 
controlled before the other side could be collapsed, and bilatera! collapse 
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was done in 43 per cent of these cases. Because of the importance of 
collapse therapy, the various measures and complications will be dis- 
cussed in detail. 

COLLAPSE MEASURES USED . 


There were 1,762 cases of collapse. Pneumothorax was used in 68 per 
cent (or 1,197 cases). Bilateral pneumothorax was done in 192 eases, or 
16 per cent, of the pneumothorax group, of which 102 eases, or 53 per 
cent, were successful. 

Phrenic nerve operations were done in 1,350 patients, or 76 per cent. 
This ineludes a total of 1,426 operations comprising exeresis, temporary 
crush, unilateral or bilateral, and one or more operations on the same 
side. No serious complications oceurred in this group. 

Thoracoplasty was done in 249 patients, or 14 per cent, of the collapse 
group. Two patients had bilateral operations. Intrapleura! pneu- 
monolysis (open and closed) was done in 201 patients, or 16 per cent, 
of the pneumothorax group. Five patients had bilateral operations. 

Paraffin plombage was done in fifty-seven cases (3 per cent of collapse 
group) ; three of these patients had bilateral fillings. Intercostal neureec- 
tomy was done in eighteen eases (1 per cent) ; sealeniectomy, in twenty- 
four eases (1.3 per cent); extrapleural pneumothorax, in four eases; 
muscle pneumonolysis, in one ease; bag pneumonolysis, in one ease. 

Bilateral collapse of all types was done in 313 eases, or 17.7 per cent. 


COMPLICATIONS OF PNEUMOTHORAX 


Pneumothorax is so striking in its effects that one often forgets the numerous 
complications which may be immediate or delayed. The immediate complications 
include pleural shock, air embolus, perforation of the lung with massive collapse, 
and subcutaneous emphysema. The delayed complications include tuberculous em- 
pyema, serous and serofibrinous effusions, mixed infection empyema, bronchopleural 
fistula, pleurocutaneous fistula, cold abscess in the chest wall, myocardial failure, 
trauma to the lung, immobility of the chest cage, especially in young patients, and 
inability of the lung to re-expand. It may even be an important factor in the 
production of bronchiectasis and bronchitis, but this still remains to be proved. 
Most of these complications are infrequent, but the more serious ones are empyema, 
massive collapse, air embolus, and heart failure. 

Massive collapse occurred in twenty-five cases of 1,389 pneumothoraces (or 1.8 
per cent), and death occurred in fifteen cases (1 per cent). Thus, after pneumo- 
thoraces one patient in every 100 died directly as a result of a perforated lung, 
and those saved required heroic measures. We did not include, in this group, a fair 
number of small collapses of little practical importance. 

Severe air embolus occurred nine times in 1,661 initial attempts at pneumo- 
thorax (0.5 per cent). By a severe form we mean such symptoms as temporary 
blindness, loss of consciousness, hemiplegia, paraplegia, monoplegia, and death. No 
estimate was made of the number of needle punctures and the total number of 
refills, but we feel safe in assuming that at least 200,000 refills were done in this 
group, giving an incidence of severe embolus once in every 20,000 needle punctures. 

Myocardial failure occurred in ten cases; in eight it followed an onset of em- 
pyema. Heart disease was not recognized clinically in any case but became mani- 
fest after the pneumothorax had been started. 
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Tuberculous empyema was the most common complication and occurred 225 times 
in 1,389 pneumothoraces (or 16 per cent). Only a collection of grossly frank pus 
was regarded as an empyema, and serofibrinous fluids were not included. This high 
incidence must always be kept in mind, for empyema has its own serious complica- 
tions. It should be noted that the moderate group has the smallest number. 
However, its frequency is significant in every group. Almost all of the empyemas 
were treated by frequent dry aspirations. In 126 cases (56 per cent) aspirations 
cleared the empyema, or, if a residual collection persisted, the empyema became of 
no clinical importance, and the pneumothorax was carried on as usual. In fifty-five 
cases (24 per cent), the lung was either allowed to re-expand or did so spontaneously, 
with subsequent pleural adhesion. The state of the parenchyma of the lung then 
determined further therapy. Thus, 80 per cent of the empyemas were controlled. 
The other forty-three cases (20 per cent), however, resisted treatment, and the lung 
would not re-expand. This group constituted 3 per cent of all pneumothorax cases 
and included twenty-four bronchopleural fistulas (10 per cent of empyemas), and 
twenty-four cases of mixed infection empyema (10 per cent of empyemas). In 
twenty-one cases a thoracoplasty was done to obliterate the empyema space. In 
fourteen cases (or 6 per cent) death occurred as a direct result of the empyema, in- 
cluding. eight cases due to myocardial failure. 

The other complications were of minor importance, but included one death due 
to subcutaneous and mediastinal emphysema. It is extremely difficult to determine 
the number of unexpandable lungs, but we feel that most of them are associated 
with empyemas and would probably not exceed 1 to 2° per cent. 

Thus, the pneumothorax group of cases had 261 severe complications (or 19 per 
cent) and an unestimated number of minor ones. The total incidence of complica- 
tions was about 20 per cent, and death occurred in thirty-six cases (3 per cent of the 
pneumothorax group) directly due to pneumothorax. 


COMPLICATIONS OF OTHER PROCEDURES 


No death or serious complications occurred as a result of phrenic nerve surgery. 
Intrapleural and extrapleural pneumonolyses resulted in six deaths. Two deaths were 
due to perforation of the lung. One death was associated with an immediate spread 
of the disease; one, with bag pneumonolysis; one, with paraffin pneumonolysis; and 
one, with myocardial failure. Thoracoplasty was done in 249 cases, and death oc- 
curred in twenty-four cases (9.6 per cent). 


SUMMARY OF COMPLICATIONS 


In the group of 1,762 cases treated by various forms of collapse therapy 76 per 
cent with phrenic nerve surgery, 68 per cent with pneumothorax, 14 per cent with 
thoracoplasty, 10 per cent with pneumonolyses, and 6 per cent with other measures, 
serious complications occurred in about 20 per cent to 22 per cent, and death directly 
due to collapse measures occurred in sixty-six cases, or 3.7 per cent. 


COMPARISON OF NEW AND OLD CLASSIFICATIONS 


The percentage of cases in each far advanced subgroup for each pro- 
gram of treatment is shown in Table IX. If all of these cases are lumped 
together and compared by the present National Tuberculosis Association 
classification, the number of clinical cures obtained would be 13 per cent 
for activity, 21 per cent for rest, and 65 for collapse therapy. When these 
figures are compared with those on the graph, it ean be seen that these 
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results are representative only of the far advanced-moderate group for 
each form of treatment and do not represent the other groups. 

The two most extensive groups, namely far advanced-far advanced and 
far advanced-moderate, form 57 per cent of the cases treated by collapse 
therapy, 75 per cent of the activity cases, and 82 per cent of the bed rest 
eases. Thus, a blanket comparison is entirely in favor of the eases 
treated by collapse. It is evident that the preponderance of any one 
group may produce great changes in the results obtained and that the 
moderate-moderate group on bed rest shows better results than far ad- 
vanced-moderate cases on collapse. In fact, almost any type of para- 
doxical comparison may result, depending upon the predominating type 
of far advanced ease studied. 


TABLE IX 


PERCENTAGE INCIDENCE OF THE FAR ADVANCED SUBGROUPS 


COLLAPSE REST MILD ACTIVITY 
SUBGROUP (1,194 CASES) (710 CASES) (431 CASES) 
(% 
Far advanced-far advanced 47 
Far advanced-moderate 35 
Far advanced-minimal 
Far advanced-clear 
Moderate-moderate 


Total 


TABLE X 


DISCHARGE CLASSIFICATION SHOWING STATUS OF ALL CASES IN THIS STUDY AS TAKEN 
oN JuLY 1, 1939 


MILD ACTIVITY BED REST COLLAPSE 


Dead 80 223 263 
Active disease 333 344 197 
Improved 25 40 75 


Clinical Cure 


Up to 1 yr. 26 369 
1 73 363 

. 206 

111 
81 
5 to 10 90 

10+ 7 

Total 556 1,762 


The proper use of the complete discharge classification proposed, 
namely, a division of the cases as dead, active, improved, and number of 
years of clinical cure, necessitates a long-range follow-up program. 
Since such a program was not attempted in this study, only an example 
is given in Table X, presenting the status of all of the patients in this 
study, as taken on July 1, 1939. By dividing the eases in this way, one 
ean compare similar subgroups and thus determine the relative value 
of various treatments or compare results from different hospitals or in 
different periods of time. 
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CHOICE OF THERAPY 


We feel that it is beyond the scope of this paper to enter into a 
detailed discussion of the therapy to be given to any one individual 
case because too many factors enter into the decision. In this paper, 
we have been able to give only an average picture of a group of cases. 
However, several inferences suggest themselves strongly when the dif- 
ferent programs of treatment are compared. 

The mild activity form of treatment is the poorest of the three studied, 
but even in it do we find surprising results in the less extensive cases. 
It should be used only when strict bed rest cannot be given for some 
reason, and, if used, favorable results must be expected within three 
to six months. Cavities may close rapidly, but the percentage of closure 
is small compared to the other methods of treatment. Certain individual 
cases appear to be actually benefited by some activity, even after pro- 
longed bed rest. 

Strict bed rest gives results which are much better than those of mild 
activity and which approach the results of collapse in the minimal, 
moderate, and moderate-moderate groups. As with mild activity, the 
lesion may stabilize rapidly, and a successful case usually shows marked 
improvement within three to six months. ; 

That a collapse therapy program is superior to the other two is 
evident. Cavity closure may be expected within a vear (except in the 
far-far group), and a high percentage of good results is obtained. One 
must remember, however, that pneumothorax bears a 20 to 22 per cent 
incidence of complications and a 3 per cent mortality and that thoraco- 
plasty has an immediate death rate of about 10 per cent. Thus, if the 
difference between collapse and rest in any one group does not exceed 
the rate of severe complications, one should not prescribe collapse 
lightly. For example, the moderate group has a 10 per cent better 
result with collapse than with rest, but the incidence of empyema plus 
other complications is about 12 to 13 per cent, so one must determine 
the treatment carefully. One must know thoroughly the proper indica- 
tions for collapse, especially when the difference in the results of a 
group is small as opposed to its complication incidence. It is just as 
important to know when not to collapse as when to collapse. 


SUMMARY 


By the use of the more detailed classification proposed, three programs 
of therapy have been evaluated. It shows how the type of far advanced 
ease determines the result of any given form of treatment. By this 
scheme of classifying the cases and establishing average values for strict 
bed rest, for mild activity, and for collapse, one can (1) predict the 
probable chances of any given patient to obtain a clinical cure by any 
of these methods, (2) predict the probable results any one sanatorium 
will obtain by knowing its incidence of far advanced subgroups and 
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the method of treatment used, (3) compare two hospitals more acecu- 
rately, and (4) evaluate more accurately any form of treatment, viz., 
use of pneumoperitoneum in pulmonary tuberculosis or use of gold 
salts. 

CONCLUSION 


1. Rest is the basic form of treatment in pulmonary tuberculosis. 

2. Early cases tend to heal even under partial rest or mild activity. 

3. Better results are obtained with strict bed rest. 

4. The best results are obtained by the supplementary use of local 
rest or collapse measures. 

5. By the use of the detailed classification, one can best allocate the 
proper value and place of the three programs of therapy studied. 
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DISCUSSION 


DR. EMIL BOGEN, Olive View, Calif—Dr. Salkin’s criticism of the National 
Tuberculosis Association classification of tuberculosis is well founded, because the 
classification (1) places too many diverse cases in the one stage of far advanced, 
(2) takes no account of the increased risk from bilateral disease and (3) gives no 
credit for cavity closure or sputum conversion if the patient still complains of symp- 
toms or the physician is careful enough to keep the patient in bed. 

The evaluation of therapeutic measures only in terms of the sanatorium, includes 
an analysis of those patients who have completed a course of treatment, the relega- 
tion of cases in which pneumothorax is tried and failed to the rest control series, and 
the comparison of cases treated in early years with those more recently admitted. 
These additional sources of error account for some of the discrepancies observed. 
The average annual case fatality rates in all cases admitted gives a much firmer 
basis for conclusions. 

The results obtained with collapsé therapy depend upon the extent and character 
of the disease treated and the adequacy of the coilapse produced, rather than upon 
the particular method used in establishing it. Differences in the survival rates 
following collapse therapy depend mainly upon differences in the effectiveness with 
which cavity closure and sputum conversion have been accomplished. 
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A review of nearly 3,000 patients treated with collapse measures at Olive View 
Sanatorium and compared with a larger number treated during the same periods 
without collapse has led to the following conclusions. 

1. Collapse therapy should not be used in primary, minimal, or other lesions which 
will probably heal under conservative management. 

2. Collapse therapy is especially valuable in advanced cases, in cases with cavity 
or positive sputum, and in instances of hemorrhage and of lesions which fail to 
regress, or increase under rest treatment. 

3. Collapse therapy not only improves the clinical symptoms, leads to cavity closure 
and sputum conversion, and better condition at time of discharge, but also tre- 
mendously reduces the annual case fatality rate among the patients treated. 

4. Most unfavorable conditions in the patient serve to modify rather than to 
contraindicate the administration of collapse measures. 

5. Patients who have cavities and who obtain arrest of advanced disease with 
collapse therapy have a greater prospect of permanent healing than those whose 
lesions have subsided under rest treatment alone. 


DR. JOHN N. HAYES, Saranac Lake, N. Y.—I believe that it is very refresh- 
ing to find a group of men, such as Dr. Salkin and Dr. Cadden represent, who use 
a great deal of collapse therapy and find that they can get very good results in 
minimal and moderately advanced cases by rest treatment. I get the impression, 
in talking to general practitioners, that we have taught them to grow away from 
the prime contraindication for collapse therapy, at least for pneumothorax—that is, 
an estimated ability to recover without collapse—and have substituted as a prime 
contraindication failure to find a pleural pocket. I believe that Dr. Salkin was very 
wise in stressing the percentage of very severe complications that one gets, especially 
with pneumothorax treatment. 

I seem to see too many people whose lungs will not re-expand, whose pneumo- 
thoraces have been neglected (fluid remaining and turning to pus) and who are 
developing late complications of pneumothorax, and people with distorted medi- 
astinums, who are left with a certain amount of cardiorespiratory difficulties. After 
a good many years of pneumothorax treatment I shall continue to prefer to see 
the patient get well, as practically all minimal cases and a great many moderately 
advanced cases do, with rest treatment, and very prolonged rest treatment. 

Dr. Sampson supplied me with a few statistics of the Trudeau Sanatorium, 
which are very difficult to explain. We all know, as Dr. Salkin proves, that collapse 
therapy does improve our results. At Trudeau Sanatorium, for instance, in a group 
of patients with moderately advanced disease, in 1925 to 1927, they used collapse 
therapy, mostly pneumothorax, some phrenics, in only 16 per cent of their patients; 
in the 1931 to 1935 group, they used such treatment in 40 per cent, and yet six years 
after discharge they had a mortality of 6 per cent in each of those groups. In 
the far advanced cases, in the earlier group of 1927 to 1931, they used collapse 
therapy in only 33 per cent; in 1931 to 1935 it was used in 68 per cent, and at the 
end of six years the mortality was still 24 per cent in each group. 

Dr. Salkin’s figures, of course, refer partially to the results at the time of dis- 
charge. Some of the follow-up is really not very long. I compliment him on the 
classification he uses, which no doubt will be very useful in evaluating results of any 
type of treatment, and he assures me that they do not find it too cumbersome in their 
statistical department. 


DR. MAX PINNER, New York City.—I should like to make just a few remarks 
in regard to the question of classification. I feel that I have to stand up for Diag- 
nostic Standards. The process of antiquation starts the day after Diagnostic Stand- 
ards are published. However, the greatest fault that I personally can find with 
Diagnostic Standards as to classification is the lack of a more definite statement for 
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what purpose the classification is made. In all the many dozens of letters that we 
received in connection with classification, there was very definitely the indication 
that a good classification would be something like a substitute for diagnosis and 
prognosis, but no classification can do that. 

A classification has certain statistical purposes. These statistical purposes are 
entirely counteracted by too much subdivision, because every county sanatorium will 
have such small subgroups in each division that the figures become statistically mean- 
ingless. 

When anybody wishes to use a new form of classification, I believe that the least 
we could expect them to do for the sake of a certain uniformity is to start with the 
established classification of Diagnostic Standards and then add, in parenthesis or in 
red ink, their own classification below. But the main framework of Diagnostic Stand- 
ards, in my opinion, should be preserved wherever possible. 

Classification in Diagnostic Standards is a matter of complements. If the classi- 
fication ‘‘inactive’’ should be put in, as suggested, somebody would have to write 
a book about what ‘‘inactive’’ means. Simply defining certain requirements, as is 
done now, for discharge purposes is a very much wiser procedure than to make an 
individual or a collective judgment about the anatomic state of a lesion. 


> 


A NEW CLASSIFICATION OF PULMONARY TUBERCULOSIS 


Davin Sakin, M.D., A. V. Cappen, M.D. 
Horemont, W. VA. 


N THE past few years increasing numbers of reports have been pub- 
lished regarding the value of the various forms of therapy used; for 
pulmonary tuberculosis. The papers have been concerned chiefly with 
collapse measures, but also with bed rest, modified bed rest, Bradford 
frames, slings and hammocks, controlled diaphragmatic breathing, gold 
salts, and pneumoperitoneum. Despite the numerous excellent articles, 
no two observers report similar results for any one system of treatment. 
This disparity is due, we believe, not to erroneous observation but to the 
fact that the present anatomic classification is inadequate, especially 
with reference to the far advanced cases which still form the majority 
of the sanatorium population (55 per cent in 1938 for the United 
States) .? 

The end result of treatment in pulmonary tuberculosis, as in other 
diseases, depends upon the procedure used, the quality of the therapy, 
and the type of case treated. It is almost impossible to compare prop- 
erly two methods of treatment because the disease is so variable and 
individual that it is difficult to collect similar groups of cases. How- 
ever, the best attempt at grouping the cases, at present, is made pos- 
sible by the classification of the National Tuberculosis Association which 
divides them according to the radiological extent of the disease in both 
lungs. Our present state of knowledge does not permit us to use more 
ideal physiologic classifications. 

The division of the cases into minimal, moderate, and far advanced 
groups is the culmination of the various classifications proposed by 
Turban, Gerhardt, the American Sanatorium Association, and Brown, 
Heise, and Sampson. The weakness in this plan is that the term ‘‘far 
advaneed”’ is too all inclusive and actually embraces six dissimilar 
groups as shown in Table I. 

Certainly any form of therapy will produce results in the moderate 
plus minimal group different from those in the far plus far group, yet 
both are considered far advanced. Furthermore, two clinics using one 
particular method of treatment will report widely divergent results if 
one of them has a large number of bilaterally far advanced cases and 
the other has the more favorable far advanced groups. This is especially 
true in comparing the results of institutions which have long waiting 


From the Hopemont Sanitarium, Hopemont, W. Va., and University of West Vir- 
ginia Medical School, Morgantown, W. Va. 

Read before the Twenty-Third Annual Meeting of the American Association for 
Thoracic Surgery at Cleveland, Ohio, July 6, 7, and 8, 1940. 
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lists and naturally give preference to the more favorable types. Thus, 
under the present classification, the results from any form of therapy 
will depend entirely upon the predominating type of far advanced ease. 


TABLE I 


ONE SIDE OTHER SIDE 


Moderate Minimal 
Moderate Moderate 
Far No Disease 
Far Minimal 
Far Moderate 
Far Far 


To correct this defect, we propose a classification based upon the 
present National Tuberculosis Association Standard plus a subelassifica- 
tion of each lung using the same terms and criteria for minimal, mod- 
erate, and far advaneed. Thus, both lungs are classified together, and 
then each lung classified individually. We have, as a result, three main 
groups and twelve subgroups as shown in Table II. 


TABLE IT 


SUB- 
TOTAL CLASSIFICATION dentin ONE LUNG OTHER LUNG 


I Minimal Minimal Clear 
Minimal Minimal 
IL Moderate Minimal Minimal 
Moderate Clear 
Moderate Minimal 
Moderate Moderate 
Far advanced Moderate Minimal 
Moderate Moderate 
Far Clear 
Far Minimal 
Far Moderate 
Far Far 


In actual practice, when results of treatment are analyzed, we do not 
subdivide the total minimal and total moderate groups because it pro- 
duces an unnecessarily fine division. The moderate-minimal subgroup 
under the total far is omitted because it occurs very rarely. We have, 
therefore, seven working groups of cases, the last five of which are sub- 
divisions of the far advaneed type: Minimal, moderate, moderate plus 
moderate, far plus clear, far plus minimal, far plus moderate, and far 
plus far. This classification has been used at Hopemont Sanitarium 
since 1936, and sufficient time has now elapsed to show its advantages 
and disadvantages. 


ADVANTAGES AND DISADVANTAGES 


1. Another classification is added which is simple and contains no new terms. One 
merely applies the present National Tuberculosis Association classification to each 
lung. 


GROUP 
1 
2 
3 
4 * 
4 
5 
6 
I 
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2. More time must be spent in classifying each case. It may be simple to con- 
sider a case as far advanced, but to decide, for example, whether one side is minimal 
or moderate, or moderate or far, may evoke considerable discussion and necessitate 
the use of extensive roentgenologic studies. 

3. Similar faults are present as in the National Tuberculosis Association classifica- 
tion in so far as neither includes such factors as the character and activity of the 
disease and the individual resistance. However, the inclusion of factors which 
cannot be measured would serve only as further sources of error. Indeed, both 
anatomic and physiologic concepts are essential, but, because the extent of the 
disease can be measured most accurately by roentgenologic means, the anatomic 
concept, rather than the physiologic, will remain the chief criterion in all classifica- 
tions. 

4. One may compare results more accurately from different clinics. For in- 
stance, when far advanced cases only are compared, a clinic with a large number 
of far-far cases will show poorer results than one with more favorable, far advanced 
groups. A more exact method of comparison is obtained by contrasting results of 
therapy in similar subgroups. 

5. Different methods of treatment can be compared more accurately. It would 
be unfair to compare far-far cases on bed rest with moderate-moderate cases on 
collapse or to compare collapse in unfavorable far groups with bed rest in favorable 
groups, although all are totally far advanced. 

6. The classification is not new but expresses the first thoughts of all phthisiologists 
when studying a case; namely, how far advanced is the disease, are both lungs 
involved, and to what extent? This provides a more-complete therapeutic and 
prognostic picture. 


How the preponderance of any one subgroup may change the entire 
end result is well shown by a study of the 400 cases of adult type pul- 


monary tuberculosis present in Hopemont Sanitarium in June, 1937 
(Table TIT). 


TABLE IIT 


TOTAL CLASS BILATERAL CLASSIFICATION NO. OF CASES 
Minimal Minimal 

Moderate Moderate 

Far Moderate-moderate 
Far-clear 
Far-minimal 
Far-moderate 
Far-far 


Total 


DISCHARGE CLASSIFICATION 


The most recent discharge classification issued by the National Tuber- 
culosis Association in 1938 contains six classes, namely, quiescent, ap- 
parently arrested, arrested, apparently cured, active, and dead. It 
omits the improved group used for many years on which many statistical 
comparisons are based. The dominant factors used in defining the 
groups are symptoms, tubercle bacilli in sputum, x-ray examination, 
exercise, and the time these factors have existed. 

Table IV shows the important features. Thus, a quiescent lesion 
should show no constitutional symptoms; the sputum may be positive 
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or negative; the roentgen films must show a stationary or retrogres- 
sive lesion (cavity may be present); and these conditions must have 
existed for two months. Such a definition makes no distinction between 
an active, sputum-positive, cavernous lesion and an inactive, sputum- 
negative, noneavernous, and retrogressive lesion. 


TABLE IV 


PRESENT NATIONAL TUBERCULOSIS ASSOCIATION CLASSIFICATION 


SPUTUM 


X-RAY 


SYMP- 
TOMS 


FEATURES 
TO HAVE 
EXISTED 


EXERCISE 
DAILY 


Quiescent 


Positive or 
negative 


Stationary or 
retrogressive 


None 


2 mo. 


None 


Apparently 
arrested 


Negative on 
concentration 


Stationary and 
apparently 
healed 


None 


3 mo. 


1 hr. (2 mo.) 


Arrested 


Negative on 
concentration 


Stationary and 
apparently 
healed 


None 


6 mo. 


2 hr. (2 mo.) 


Apparently 
eured 


Negative on 
concentration 
and cultured 
in animals 


Stationary and 
apparently 
healed 


None 


Ordinary 
living 
conditions 


Active 


Positive 


Progressive or 


Present 


incompletely 
healed 


Dead 


ANALYSIS OF THE NATIONAL TUBERCULOSIS ASSOCIATION DISCHARGE 
CLASSIFICATION 


1. Sputum examination is so important that a negative finding should mean that, 
in all specimens collected by either expectoration, gastric lavage, or bronchoscopy, 
no tubercle bacilli are present on plain or concentrated smear, culture, or animal 
inoculation. It is inconsistent to have one definition for a negative sputum in an 
apparently cured case, a different definition in the arrested case, and still another 
in the quiescent case. 

2. The x-ray examination is too important to be made to include both a 
stationary lesion with cavity and a retrogressive lesion without cavity, as found in 
the quiescent group. In the first instance the disease is active, and in the second 
one it is inactive. 

3. Important as exercise may be, it complicates the classification because various 
clinics use it in different stages of treatment. Some sanatoriums use it as an 
early part of their treatment even with a positive sputum, whereas others begin 
to use exercise only after the lesion has become retrogressive and the sputum 
negative. 

PROPOSED CLASSIFICATION 


We have adopted a simpler classification designating results as dead, 


active disease, improved, and inactive disease (or clinical eure). The 
chief criteria used are sputum examination, x-ray examination, and 
constitutional symptoms. Exercise is omitted. 

The term active disease means x-ray evidence of an unstable or pro- 
gressive lesion, the presence of positive sputum by any or all methods, 
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presence of tuberculous cavity, presence of active tracheobronchitis, 
and presence or absence of constitutional symptoms. This term in- 
cludes such cases as good chronie eases, poor chronic eases, progressive 
disease, improved but active, and quiescent but active. 

The term improved means x-ray evidence of a retrogressive lesion, 
negative sputum by all methods,. absence of tuberculous cavity, and 
absence of constitutional symptoms. 

The term inactive disease, or clinical cure, means x-ray evidence of a 
stationary and apparently healed lesion, absence of tuberculous cavity, 
negative sputum by all methods, and absence of constitutional symp- 
toms. 

After clinical cure has been obtained, the cure is then classed as less 
than one-year (in months), one-year, two-year, three-year, four-year, 
five- to ten-year, and over ten-year cure. 


SUMMARY 


Adnussion Classification—The National Tuberculosis Association 
classification is used plus a subelassifieation of each lung into minimal, 
moderate, and far advanced disease. Twelve subgroups are possible. 
In actual use, the combined minimal and moderate cases are not sub- 
divided, and the moderate-minimal group for a combined far is rarely 
found, resulting in seven working groups, namely, (1) minimal, (2) 
moderate, (3) moderate-moderate, (4) far-clear, (5) far-minimal, (6) 


far-moderate, (7) far-far. The last five are far advanced. 

Discharge Classification—The four groups include (1) dead, (2) 
active disease, (3) improved, (4) clinical cure (or inactive disease), 
classified according to less than one-year cure, then one-, two-, three-, 
four-, five- to ten-, and over ten-year cure. 


REFERENCE 


1. Council on Medical Education and Hospitals of the American Medical Associa- 
tion: Tuberculosis Facilities in the United States, J. A. M. A. 114: 765, 


1940. 


2 


